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1.  SCOPE 

1.1  This  specification  establishes  performance,  design,  development, 
and  test  requirements  for  the  Lightweight  Towed  Howitzer  Demonstrator 
System  prime  item. 

2.  APPLICABLE  DOCUMENTS 

2. 1  Government  documents. 

2.1.1  Specifications  and  standards.  These  documents,  of  the  issue 
in  effect  on  the  date  of  invitation  for  bids  or  request  for  proposal , 
form  a  part  of  this  specification  to  the  extent  specified  herein: 

SPECIFICATIONS 

FEDERAL 


W-F-800 

P-C-437 

MILITARY 

DOD-D— 1000B 

MIL— F— 171 1 1 
MIL— F- 16884 
MIL— G-3056 
MIL— P—1 16 
MIL-T-5624 


Fuel  Oil,  Diesel 

Cleaning  Compound,  High  Pressure  Cleaner 


Drawings,  Engineering  and  Associated 
Li  sts 

Hydraulic  Fluid 

Fuel,  Naval  Distillate 

Gasoline,  Automotive,  Combat 

Preservati on ,  Packaging,  Methods  of 

Turbine  Fuel,  Aviation,  Grades  JP-4  and 
JP-5 
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Other  Documents 
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STANDARDS 

FEDERAL 

FED-STD-595  Colors 


MILITARY 


DOD-STD-lOO 
MIL— STD— 130 


MIL— STD— 470A 

MIL— STD— 47 1 


Engineering  Drawing  Practices 

Identification,  Marking  of  U.S.  Military 
Property 

Maintainability  Program  For  Systems 
and  Equipment 

QA 


MIL— STD-72 1C 


Definitions  of  terms  for  Reliability  and 
Mai ntai nabi 1 i ty 


MIL— STD— 785B 


Reliability  Program  for  Systems  and 
Equipment  Development  and  Production 


MIL-STD-B10D  Environmental  Test  Methods  and 

Engineering  Guidelines 

MIL-STD-847A  Format  Requirements  for  Scientific  and 

Technical  Reports 


MIL-STD-B82B 


System  Safety  Program  Requirements 


MIL-STD-961 A 


Preparation  of  Military  Specifications 
and  Associated  Documents 


MIL— STD- 1098 

MIL-STD-1472C  Human  Engineering  Design  Criteria 

for  Military  Systems,  Equipment  and 
Faci lities 


Si-, 


MIL— STD— 1474B 


MIL-STD-1 552 A 


MIL-STD-1561A 


Noise  Limits  For  Army  Materiel 

Uni -form  Department  of  Defense 
Requirements  for  Provisioning 
Technical  Documentation 

Provisioning  Procedures,  Uniform 
Department  of  Defense 


MIL-STD-1944  Polymor  Matrix  Composites 

MIL— STD— 6083D 


Military  Handbooks 

MIL-HNDBK-472  Maintainability  Prediction 

MIL-HNDBK-759A  Human  Factors  Engineering  Design  f 

Army  Materiel 


.1.2  Other  Government  documents,  drawings  and  publications. 
DRAWINGS 

USA  Armament  Research  and  Development  Command 


1 2008000 
120079C 

12007903 

12008200 

12008100 

12008101 

9357756 

11741626 

10554823 


Howitzer,  Med,  Towed,  155mm,  M198 
Body  Assembly,  Cradle  (machining) 

Body  Assembly,  Cradle  (weldment) 

Cradle  Assembly,  M39  155mm 

Top  Carriage  Assembly 

Top  Carriage  (machining)  M39 

155mm  HIP  Sys  Interface  drawing 

Telescope,  elbow  M138 

Mount,  telescope  &  quadrant  M172 


11741101 


Telescope,  panoramic  M137 
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1 1 727800 

Mount,  telescope  quadrant  M171 

12008185 

Trunnion,  right  M39,  155mm  HC 

11741648 

Alignment  device 

10554685 

Mounting  bracket  assy  -for  telescope  and 
quadrant 

11729606 

support  quadrant 

11727834 

Col  1 ar 

11729530 

M17  quadrant 

Watervl iet  Arsenal 

8768770 

M198  Band 

11579253 

Barrel  Assembly  M199 

11578962  Ballistic  drawing,  cannon  155mm,  How 

Ml  99 


Benet  Weapons 
WTV-F31771 
WTV-D30106 
WTV-F30077 
11578887 
11578888 


Laboratory 

Barrel  assy,  XM2B3  How  Cannon  155mm 
Thrust  collar,  155mm  HIP 
XM283  Tube  (muzzle  end  details) 
Muzzle  brake  for  M199  cannon 
Muzzle  brake  (casting) 


155mm  Projectiles 


92116352 

9217030 

7514317 

8885162 

8861029 

8875850 


Ml 07  HE 

M110A1  Smoke  (WP) 
Ml  10  Chemical 
Ml  16  Smoke 
M121  Chemical 


M449  HE  I CM 


dwq 

M454  Nuclear 

9215220 

M483A1  HE  ICM  (dual  purpose) 

9214150 

M485  ILLUM 

9235999-1 

M549A1  HERA 

dwa 

M687  Binary 

9198316 

M692/M731  HE  ADAM 

9305300 

M712  HE  COPPERHEAD 

9278014 

M718  AT 

11786215 

M71BE1  AT 

9298316 

M731  HE 

9278014 

M741  AT 

1 1786240 

M741E1 

9331794 

M804  PRACTICE 

dwa 

M825  SMOKE 

PUBLICATIONS 
U.S.  ARMY 

AR  70-44  Criteria  for  Air  Transportati on  and 

Airdrop  of  Material 

2.1.3  Other  publications. 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS 

ASTM-E-8-B5  Methods  of  Tension  Testing  of  Metallic 

Mater i al s 

ASTM-E-94  Guide  for  Radiographic  Testing 

ASTM-E-142  Method  for  Controlling  Quality  of 

Radiographic  Testing 

ASTM-E-238  Pin-Type  Bearing  of  Metallic  Methods 


Method  of  Flexural  Test  of  Flat  Sandwich 
Constructions 


ASTM-C-393 


ASTM-E-407-70 


Methods  for  Microetching  Metals  and 
A1 1 oys 


ASTM-D-695 

ASTM-D-790 


ASTM-D-792 


ASTM-E-793 

ASTM-D-897 
ASTM-D— 1876 
ASTM-D-2563 


ASTM-D-2584 

ASTM-D-2734 


Compressive  Properties  of  Rigid  Plastics 

Flexible  Properties  of  Unrei nf orced 
Forced  and  Reinforced  Plastics  and 
Electrical  Insulating  Materials 

Specific  Gravity  and  Density  of  Plastics 
by  Displacement 

Heats  of  Fusion  and  Crystallization  by 
Differential  Scanning  Colormetry  (DSC) 

Tensile  Properties  of  Adhesives  Bonds 

Peel  Resistance  of  Adhesives 

Recommended  Practices  for  Classifying 
Visual  Defects  In  Glass  -  Reinforced 
Plastics  Laminates  and  Parts 

Ignition  Loss  of  Cured  Reinforced  Resins 

Void  Content  of  Reinforced  Plastics 


ASTM-D-3039  Tensile  Properties  of  Fiber — Resin 

Composi tes 

ASTM-D-3171  Fiber  Content  of  Rosin-Matrix  Composites 

by  Matrix  Digestion 


ASTM-D- 3355 


ASTM-D-3410 

ASTM-D-3418 

ASTM-D— 35 1 8 


ASTM-D-3528 


Test  Method  for  Fiber  Content  of 
uni di recti onal ,  Fiber  Composites  by 
Electrical  Resistivity 

Compressive  Properties  of  Unidirectional 
or  Crossply  Fiber — Resin  Composites 

Transition  Temperatures  of  Polymers  by 
Thermal  Analysis 

Practice  For  In-Plane  Shear 
Stress-Strai n  Response  of  Uni di rect i onal 
Reinforced  Plastics 

Strength  Properties  of  Double  Lap  Shear 
Adhesive  Joints  by  Tension  Loading 
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ASTM-D-3532  Gel  Time  of  Carbon  Fiber— Epoxy  Prereg 

ASTM-D-4065  Determining  and  Reporting  Dynamic 

Mechanical  Properties  o-f  Plastics 


BOEING  AIRCRAFT  COMPANY 


Boeing  Material  Speci -f i cati on  8  -  256F 

Lockheed-Georgi a  Company 

LG86BDR0005  Loadabi 1 i ty/Transportabi 1 i ty 

Char  acteri  sti  cs  o-f  the  USAF  C-130H, 
C-141B,  and  C-5  Aircra-ft 


(Copies  o-f  specif ications,  standards,  drawings,  and  publications 
required  by  suppliers  in  connection  with  specific  procurement 
functions  should  be  obtained  from  the  contracting  agency  or  as 
directed  by  the  contracting  officer.) 


2.2  Precedence  of  documents.  Should  any  conflict  exist  beteen  the 
requirements  of  (1)  the  applicable  documents  listed  in  2.1,  (2)  the 

contract,  and  (3)  this  specification,  the  order  of  precedence  shall 
be: 

a.  Contract 

b.  This  specification 

c.  Drawings  and  list  of  drawings 

d.  Military  specifications 

e.  Military  standards 

f.  Other  government  publications 

g.  Non-government  documents 
3.  REQUIREMENTS 

3. 1  Prime  Item  Definition. 
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3.1.1  Prime  Item  Diagrams.  The  LTHD  systems  breakdown  structure  and 
•functional  -flow  block  diagrams  are  shown  in  Figures  _  thru  _ . 


3.1.2  Interface  Definition. 


3.  1.2.1  Functional  Interfaces  -AMMUNITION  INTERFACE 


3. 1.2.2  Physical  Inter-faces  - 


3. 1.2.3  Major  Comoonents/sub  assemblies. 


3.1.3  Major  Component  List 


3.1.4  Government  Furnished  Property  List.  The  -following  items  o-f 
Government-Furni shed  Equipment  (GFE)  shall  be  made  available: 

a.  Fire  Control  Equipment  —  M198  Fire  Control  System. 

b.  Cannon  Assembly  —  XM-284  Cannon  with  the  following 
changes/exceptions: 

*  Lunette  integral  with  titanium  muzzle  brake. 

*  Band  is  titanium. 

*  Center  mount  is  taper — locked  to  yoke. 

*  Breech  handle  is  replaced  by  a  hex  (for  a  wrench). 

*  Incorporati on  of  autoprimer  and  thermal  indicator. 
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Test  Ammunition 


155mm  projectiles,  bag  and  modular 
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charges,  -fuses  and  primers  -from  the  lists  identified  within 
paragraph  _  of  this  specification. 


d.  Test  Facilities  —  at  Aberdeen  Proving  Grounds. 


e.  Detailed  Interface  Drawings  —  of  Government-Furnished 
Equipment,  materials  and  components. 

3.1.5  Government  Loaned  Property  List.  Non-appl i cabl e  to  this 
specif i cation . 
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3.2  CHARACTERISTICS. 

3.2.1  Performance.  The  LTHD  shall  provide  and  maintain  the 
performance  character i sti cs  specified  herein  during  and  after 
exposure  to  the  applicable  environments  specified  in  3.2.5. 

3.2. 1.1  Firing  rates. 

3.2. 1.1.1  Maximum  rate  of  fire.  The  LTHD  shall  achieve  the 
following  maximum  firing  rates  for  standard-size  rounds  (assuming 
Swiss  Notch  will  hold  propellant  in  chamber  at  elevations  up  to  800 
mils) : 


Firing  Elevation  Maximum  Rate  of  Fire 

<_  800  mils - 4  rounds/mi n. 

>  800  mils - 1  round /min. 

The  LTHD  shall  be  able  to  fire  over-size  rounds  (COPPERHEAD)  at  a 
maximum  rate  of  TDD  rounds/mi n. 

The  LTHD  shall  be  able  to  maintain  the  above  specified  maximum 
rates  of  fire  for  up  to  TBD  minutes  (to  be  determined  by  Benet 
Weapons  Laboratory) . 

3.2. 1.1.2  Sustained  rate  of  fire.  The  LTHD  shall  be  able  to 
maintain  a  sustained  firing  rate  of  TBD  rounds  per  minute  (to  be 
determined  by  Benet  Weapons  Laboratory) . 

3.2. 1.2  Projectile  delivery  error.  The  LTHD  shall  be  able  to 
deliver  the  specified  projectiles  on  target  at  the  level  of  precision 
currently  demonstrated  by  the  M198.  The  delivery  error  associated 
with  the  LTHD  material  and  ammunition  elements  shall  not  exceed  a  3 
mil  CEP  at  maximum  range,  assuming  "stable"  Met  conditions. 

3.2. 1.3  Range. 

3.2. 1.3.1  Maximum  range.  The  LTHD  shall  provide  fire  support  to 
maximum  ranges  equivalent  to  or  better  than  the  current  M198.  An 
rocket  assisted  projectile  can  reach  a  range  of  approx i matel y  30  km. 

3.2. 1.3.2  Minimum  range.  The  LTHD  shall  have  a  minimum  range 
capability  of  3.5  km  or  less  (Z3). 

3.2. 1.4  Direct  fire.  The  LTHD  shall  possess  a  direct  fire 
capability  which  is  at  least  equivalent  to  that  of  the  M198. 

3.2. 1.5  El evati on.  The  LTHD  cannon  shall  be  able  to  elevate  between 
the  limits  of  -75  to  +  1275  mils.  Elevation  rates  shall  be 
sufficient  to  allow  achievement  of  the  required  firing  rates. 
Elevation  precision  shall  be  sufficient  to  allow  attainment  of 
projectile  delivery  error  specifications. 
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3.2. 1.6  Traverse.  The  LTHD  shall  be  able  to  traverse  400  mils  to 
the  right  and  left  of  the  emplacement  orientation.  The  traversal 
rates  and  precision  shall  be  sufficient  to  allow  achievement  of  the 
required  firing  rates  and  delivery  error  specifications. 

3.2. 1.7  Firing  stability.  The  LTHD  design  should  ensure  weapon 
system  stability  under  all  specified  firing  conditions.  The  slide 
and  hop  reactions  to  firing  shall  not  exceed  those  of  the  M19B  for 
the  respective  worst  case  combinations  of  charge,  gun-pointing,  soil 
conditions  and  off-level  weapon  orientation. 

3.2. 1.8  Fire  control .  The  LTHD  design  shall  incorporate  the  M198 
Fire  Control  System  (to  be  provided  GFE) .  Firing  preparation 
activities,  fire  enable  and  post-fire  activities  performed  by  the 
LTHD  shall  be  developed  and  defined  in  accordance  with  the  functions, 
capabilities  and  limitations  of  the  M198  Fire  Control  System. 

3.2. 1.9  Muzzel  blast  pressure. 


3.2.2  Physical  Characteri sti cs. 

3.2.2. 1  Weight .  The  total  weight  of  the  LTHD  shall  not  exceed  9000 
pounds.  This  weight  limit  is  the  projected  maximum  load  which  can  be 
tactically  deployed  by  the  UH60  BLK  I  MOD  helicopter.  The  weight 
limit  of  9000  pounds  is  the  actual  hook  load,  and  does  not  include  , 
any  allowance  for  ammunition  or  for  si i ngs/hardware  that  must  be  used 
by  the  UH60  to  carry  the  LTHD. 
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3. 2. 2. 2  Size.  The  LTHD  size  envelope  specifications  are  identified 
below  for  the  stowed,  towing  and  firing  configurations  of  the 
howi tzer . 

3. 2. 2. 2.1  Stowed  Configuration.  The  LTHD  size  limitations  in  a 
stowed  configuration  are  driven  by  constraints  associated  with 
deployment  from  the  C130  aircraft.  The  maximum  allowable  dimensions 
are  as  follows. 

Length  —  38  feet. 


Width  —  The  width  shall  be  no  greater  than  that  of  the  M198 
howitzer  in  its  stowed  configuration  <110  inches). 
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Hei aht  —  The  maximum  allowed  height  -for  a  stowed  M198 
howitzer  is  84  inches.  This  height  enables  the  M198  to 
clear  the  exit  opening  of  the  C130  as  it  tips  and  slides 
down  the  ramp  during  extraction  via  parachute. 


The  height  allowance  actually  increases  with  the  distance 
from  the  last  part  of  the  howitzer  to  exit  the  aircraft. 
Therefore  a  slight  increase  (to  about  87  inches)  in  stowed 
height  over  that  of  the  M198  is  allowable  on  the  LTHD,  if 
the  maximum  height  occurs  further  forward  than  on  the  M198. 


3. 2. 2. 2. 2  Towino  Conf i ourati on .  The  LTHD  towing  configuration  size 
envelope  shall  be  within  that  of  the  M198  which  is  as  follows: 

Length:  40 '3" 

Width:  9 '2” 

Height:  9 '6" 


3. 2. 2. 2. 3  Firing  Configuration.  The  dimensional  limits  for  the  LTHD 
in  a  firing  configuration  should  be  determined  via  the  design 
tradeoff  process  which  seeks  the  proper  balance  of  firing  stability, 
survivability  and  operational  deployment /emplacement  considerations. 
As  a  guideline,  the  M198  firing  size  envelope  is  37'2"  X  25'9"  X 
9 '6".  The  LTHD  firing  size  envelope,  while  not  restricted  to  these 
dimensions,  should  enable  emplacement  on  a  similar  size  piece  of 
terrain  (37-foot  diameter  circular  area) . 


3.2.3  Rel i abi 1 i tv. 


3.2.4  Maintainabi 1 itv.  The  LTHD  shall  be  designed  to  achieve 
maintainability  within  the  constraints  provided  herein. 


3.2.4. 1 


’  4  1 


3. 2. 4. 3 


Correcti ve-mai ntenance  time. 


Preventi ve-mai ntenance  time. 


Maintainability  program. 
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3.2.5  Environmental  Conitions.  The  LTHD  system  shall  meet  the 
requirements  of  this  specification  under  extremes  of  temperature, 
humidity,  shock,  rain,  dust,  vibration  and  other  environmental 
factors  and  induced  factors  to  the  extend  specified  below: 

3.2.5. 1  Natural  Environment.  The  LTHD  should  be  able  to  perform  its 
missions  and  operate  effectively  under  the  natural  environmental 
conditions  described  below: 

Operating  Temperature  —  exposure  to  any  ambient  air 
temperature  between  -25  degrees  F  and  +160  degrees  F  for  up 
to  8  hours.  (These  temperature  limits  include  the  effects  of 
winterisation  kit  heating,  solar  radiation  and  internally 
generated  heat. 

Storage  Temperature  —  exposure  to  ambient  air  temperatures 
between  -70  degrees  F  and  +160  degrees  F  for  extended 
periods. 

Temperature  Shock  —  Per  MIL-STD-B10D,  Method  503. 

Humidity  —  no  degradation  in  performance  during  or  after 
exposure  to  conditions  of  relative  humidity  up  to  997.  per 
M I L— STD— 8 1 0D  Procedure  II. 

Waterproof ness  —  Per  MIL-STD-810D ,  Method  512.2. 

Dust  —  Per  MIL-STD-810D,  Method  510 , Procedure  1. 

I 

It  should  be  possible  to  perform  all  LTHD  functions  under  adverse 
weather  conditions  (high  winds,  rain,  snow,  sleet,  fog,  etc.)  day  or 
night . 


3. 2. 5. 2  Self -induced  Environment.  The  LTHD  should  be  able  to 
perform  its  missions  and  operate  effectively  under  the  self-induced 
(or  interface-induced)  conditions  described  below: 

Shock  — The  LTHD  shall  be  capable  of  operating  in  the 
sustained  high  shock  and  vibration  environment  associated 
with  cross-country  towing  (Use  MIL-STD-810D,  Method  514.2  as 
a  guide).  All  components  shall  also  withstand  repeated  gun 
firing  shock  conditions. 

Vibration  —  conditions  which  consist  of  imposing  sinusoidal 
vibrations  of  0.40  inch  double  amplitude  from  1  to  14  Hz  and 
4g  from  14  Hz  to  500  Hz  at  the  component  mounting 
interface.  Vibration  frequency  will  be  imposed  at  a 
logarithmic  sweep  rate  of  20  minutes  per  sweep  cycle  (from  5 
to  500  to  5  Hz)  followed  by  20  minute  dwells  at  each 
resonant  frequency  (maximum  of  4  frequencies).  Total 
vibration  time  including  dwells  shall  be  120  minutes.  Use 
MIL-STD-B10D  as  a  guide. 
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Chemical  s  —  withstand  exposure  to  vapors  of  or  contact  with 
the  -following  -for  durations  up  to  48  hours: 

1)  Fuel  per  VV-F-800,  MIL-T-5624,  1  MIL-6-3056,  and 
MIL— F-168B4. 

2)  Hydraulic  Fluid  per  Standard  Fire  Retardent  Spec. 
MIL-STD-6083D. 

3)  Cleaning  Agents  per  P-C-437. 

Cleaning  Spray  —  withstand  water  jet  spray  -from  12  inches 
away  applied  perpendi cul ar  to  the  surface. 

3. 2. 5. 3  Threat-imposed  Environment.  Vulnerability  to  aerial  bursts 
should  be  a  primary  consideration  for  design  decisions  and  tradeoffs 
involving  component  placement  and  routing  of  cables,  pipes,  and 
hoses.  The  design  should  reflect  selective  use  of  shrouds  as  an 
additional  means  of  physical  protection. 

The  LTHD  shall  also  be  able  to  operate  on  an  NBC-contaminated 
battlefield.  To  the  maximum  extent  possible,  the  LTHD  design  should 
use  materials  which  do  not  absorb  NBC  contaminants  and  are  not 
affected  by  decontaminating  solutions.  The  design  should  also 
facilitate  decontamination  of  the  LTHD  (maximize  smooth  surfaces, 
minimize  sharp/inaccessible  corners) . 

Fire  retardancy  is  also  a  necessary  design  consideration,  especially 
when  composite  materials  are  used. 


3.2.6  Transportabi 1 i tv. 


3.3  DESIGN  AND  CONSTRUCTION. 


3.3.  1 


Materials,  processes,  and  parts. 


3.1.1 


Mater i al s . 
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3.3. 1.1.1  Dissimilar  metals.  Dissimilar  metals  as  defined  in 
MIL-STD-B89  shall  not  be  used  in  direct  contact  with  each  other 
unless  suitably  protected  against  electrolytic  corrosion. 


3.3. 1.2  Processes ■ 


3.3. 1.2.1  Finish, 


3.3. 1.2.2  Threads. 


3 ,  3 .  1.2.3  Nondestructi  ve  inspection  (NDI) 


3.3. 1.3  Parts. 


3.3. 1.4  Hydraulic  power  requirements. 


3.3. 1.5  Maintenance  design.  The  LTHD  system  shall  be  designed  to 
permit  repair  or  replacement  by  USA  personnel  of  an  TBD  skill  level 
using  common  hand  tools  and  repair  equipment. 

3.3. 1.5.1  Accessabi 1 ity.  The  LTHD  system  shall  be  designed  to 
provide  access  to  the  system  and  ammunition  functions  to  the  degree 
necessary  to  meet  the  requirements  of  this  specification. 
MIL-STD-1472  shall  be  used  as  a  guide  for  determining  accessabi 1 i ty 
requirements  for  system  maintenance. 

3.3. 1.6  Lubrication.  Means  shall  be  provided  for  lubrication  of 
moving  parts  involving  material  combinations  which  necessiate  the  u 
of  lubricant.  Lubricants  shall  be  selected  from  those  lists  in 
MIL-STD-838. 
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lectromaanetic  Radiation. 


3.3.3  Name  plates  and  Product  Markinas.  Newly  developed  equipment, 
assemblies,  subassemblies,  and  parts  shall  be  marked  -for 
identification  using  MIL-STD-130  as  a  guide.  Existing  LRUs  (either 
military  or  commerical)  and  support  equipment  end  items  shall  retain 
their  existing  i dent i f i cat i on . 

3.3.4  Workmanship .  The  LTHD  system  shall  be  manufactured  and 
assembled  with  a  quality  of  workmanship  which  ensures  all  delivered 
items  are  free  of  defeats  which  might  effect  the  life,  strength,  or 
reliability  and  that  all  requirements  of  this  specification  are  met. 

3.3.5  Interchanoeabi 1 i tv.  Unless  otherwise  specified  on  applicable 
drawings,  all  conf i gur ati on  end  items  shall  be  mechanically  and 
functionally  i nterchangeabl e  with  items  having  identical  part  numbers 
from  the  same  or  other  items  of  the  LTHD  system  without  selection  or 
fitting. 

3.3.6  Safety. 


3.3.6. 1  Ammunition  loading  safety. 


3. 3. 6. 2  Safety  during  non-gunnery  missions. 


3.3.7  Human  performance/human  engineering.  The  LTHD  system  shall  be 
designed,  to  the  maximum  extent  possible,  to  comply  with  the 
requirements  of  MIL-STD-1472  except  where  they  conflict  with  the 
requirements  in  the  following  paragraphs. 

3.3.7. 1  Eq  uipment  hardware. 

3. 3. 7. 1 . 1  Noise. 


3. 3. 7. 2  Maintenance.  Maintenance  requirements  shall  comply  with 
MIL-STD-1472. 

3.3.8  Hydraulic  system  construction.  Hydraulic  systems  shall  be 
designed,  constructed,  installed  and  meet  all  applicable  requirements 

in  accordance  with  MIL- _  .  Hydraulic  fluid  shall  meet  the 

requirements  of  MIL-H-83282. 


3.4  DOCUMENT  AT  I ON .  Data  delivery  requirements  shall  be  set  forth  in 
the  development  contract. 


5  LOGISTICS. 


3.5.1  Maintenance.  Maintenance  functions  shall  be  based  upon  the 
Maintenance  Allocation  Chart  (MAC)  derived  from  the  Logistic  Support 
Anal ysi s. 

3.5. 1.1  Levels  of  maintenance.  Maintenance  shall  be  performed  at 
the  decribed  levels  below: 

3.5. 1.1.1  Organization  level. 


3.5. 1.1.2  Direct  support  level. 


3.5. 1.1.3  Depot  support  level. 


3.5.2  Suppl v.  The  LTHD  system  shall  complement  the  following  supply 
consi derati ons: 

a.  The  existing  Government  supply  system  shall  be  utilized  to 
the  maximum  extent  possible. 

b.  Modification  requirements  shall  maximize  use  of  standard  or 
preferred  parts,  accessories  and  components  unless  single  purpose 
peculiar  items  can  be  shown  to  be  more  cost  effective. 

c.  Introduction  of  new  items  into  the  supply  system  shall  be 
held  to  a  minimum  and  methods  of  suppl y/re-suppl y  of  all  items  shall 
not  require  development  of  additional  supply  systems/reporting 
procedures. 

3. 5. 2.1  Spares.  Operational  spares  provisioning  sahll  be  performed 
in  accordance  with  MIL-STD-1561 . 

3.5.3  Facilities  and  facility  equipment.  The  LTHD  system  and 
support  equipment  shall  be  capable  of  using  existing  US  Army 
facilities  to  the  maximum  extent  possible.  These  facilities  shall 
include  but  are  not  limited  to,  training  facilities,  operational 
buildings,  maintenance  bui 1 di ngs , shops ,  and  test  facilities. 

3.6  PERSONNEL  AND  TRAINING.  The  LTHD  system  shall  be  designed  to 
provide  for  efficient  operation  and  maintenance  support  by  personnel 
properly  trained  in  the  use  and  care  of  the  system.  Requirements  for 
special  aptitude  and  training  shall  be  kept  to  the  lowest  level 
commensurate  with  deploying  an  acceptable  system. 


-'••6.1  Personnel.  The  LTHD  system  shall  be  designed  to  be  operated 

and  maintained  by  a  crew  of  _ .  The  functions  of  emplacement, 

displacement  and  speed  shifting  shall  only  involve  4  personnel. 

3.6.2  Training.  Training  courses  shall  be  prepared  and  conducted  as 
specified  in  the  contract,  for  government  operator  and  maintenance 
personnel.  The  operator  course  will  serve  to  train  crew  personnel  to 
operate  the  system  and  perform  daily  maintenance  services. 

3.7  MAJOR  COMPONENT  CHARACTERISTICS. 


3.7.2 


3.7.3 


3.7.4 


3.7.6 


3.8  PRECEDENC 


4.0  QUALITY  ASSURANCE  PROVISIONS 

4.1  General  .  Verification  of  the  performance  and  physical 
requirements  specified  in  section  3  shall  be  accomplished  using  the 
evaluation  methods  of  analysis,  inspection,  demonstration, 
similarity,  and  tests.  A  plan  to  include  testing,  and  measuring 
shall  be  prepared,  as  specified  in  the  contract,  and  submitted  for 
approval  by  the  procuring  agency. 

Tests  shall  consist  of  . . 


4.1.1  Responsibility  for  tests.  Unless  otherwise  specified,  the 
contractor  shall  be  responsible  for  the  performance  of  the  quality 
assurance  provisions  as  defined  in  this  specification.  Through 
governemt  approved  test  plans,  the  contractor  may  use  data  gathered 
from  government  tests  and  previous  validation  tests  for  possilbe 
qualification  purposes.  The  procuring  agency  reserves  the  right  to 
witness  or  separately  perform  any  tests  specified  or  otherwise 
certify  any  or  all  tests  and  inspections.  Inspection  records  of  the 
examination  and  tests  shall  be  kept  complete  and  available  to  the 
procuring  agency. 

4. 1.1.1  Determination  of  compliance  with  requirements. 

Verification  shall  form  the  basis  for  the  determination  that  the 
requirements  of  this  specification  have  been  met.  Measurements  shall 
be  made  with  instruments  of  the  labotatory  precision  type  whose 
accuracy  has  been  certified  to  at  least  one  tenth  of  the  tolerance 
for  the  variable  to  be  measured  unless  not  attainable  with  existing 
measuring  devices.  Calibration  shall  be  in  accordance  with 
MIL-STD-45662.  The  contractor  shall  maintain  a  record  of 

vertif ication  data  to  determine  compliance  with  the  requirements 
defined  herein.  Any  adjustments,  repairs,  or  maintenance  performed 
on  test  articles  shall  be  logged  and  become  part  of  the  test  record 
available  for  inspection  upon  request.  Compliance  to  the 
requirements  of  Section  3  shall  be  verified  by  methods  identified  in 
Section  4  as  defined  in  Section  6. 

4. 1.1.2  Standard  conditions.  Unless  otherwise  specified  in  the  test 
plans,  all  tests  shall  be  conducted  under  standard  conditions  of 
ambient  temperature,  atmospheric  pressure,  and  relative  humidity,  as 
specified  herein. 


Actual  conditions  shall  be  reported  periodically  during  the 
inspection  or  test  period  and  reported  as  part  of  the  test  results. 
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4.  1.1.3  Rejection  and  retest.  When  an  item  -fails  to  con-form  to  the 
specification,  acceptance  shall  be  withheld  until  the  extent  and 
cause  of  the  failure  are  determined.  If  the  item  cannot  meet  the 
requirement  of  this  specification,  the  procuring  agency  may 
conditionally  accept  an  item  by  specifying  additional  corrective 
measures  to  be  accomplished  by  the  manufacturer. 

4.2  Quality  conformance  inspections.  Each  of  the  design 
requirements  set  forth  in  Section  3  of  this  specification  shall  be 
verified  by  the  method  stated  in  the  following  paragraphs.  These 
vertif ication  methods  are  summarized  in  Table  _  for  information. 


5.0  PREPARATION  FOR  DELIVERY 

.1  General .  For  purposes  of  shipment,  the  LTHD  system  shall  be 
ivided  into  the  minimum  practicable  number  of  subassemblies. 

5.2  Preservation ,  packaging,  packing,  and  marking. 


6.0  NOTES 
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6.2  Documents  required.  These  documents  shall  be  supplied  by  the 
contractor  under  the  provisions  of  this  specification  (all  data  item; 
must  be  specified  on  contract  Form  DD  1423): 

Phase  II. 

Product  Assurance  Test  Plan 
Material  Test  Samples 
Level  II  Drawings 

Reliability  Stress  Analysis  Report 
Long  Lead  Items  List 
F'erformance  and  Cost  Reports 
Purchase  Description  (as  required) 

Agendas 

Meeting  Minutes 
Tradeoff  Analysis  Report 
Quality  Program  Plan 
Demonstrator  Specification 
Updated  F'HA 
Phase  III 


6.3  Ordering  data.  Procurement  documents  -for  equipment  covered  by 
this  spec  1 f 1  cat i on  shall  specify  the  -following: 


a.  Title,  number,  and  date  o-f  this  specification 

b.  Quantity  o-f  equipment  on  order 

c.  Name  and  address  o-f  technical  directing  agency 

d.  Serial  numbers  to  be  assigned  to  equipment 

e.  Whether  or  not  qual  i  -f  i  cat  i  on  is  required 

f.  Date  required  for  delivery 

g.  Level  of  packaging  and  marking 
6.4  Definitions. 

6.4.1  Specification  terminology. 

a.  Test  -  A  method  of  verification  of  compliance  with 
requirements  denoting  the  qualitative  determination  of  the  properties 
and  parameters  of  item  (or  components  thereof)  by  technical  means 
requiring  the  use  of  laboratory  equipment,  procedures,  items  or 
services  to  determine  conformance  to  specified  requirements. 

b.  Demonstration  -  A  method  of  verification  of  compliance  with 
requirements  involving  a  trial  or  test  wherein  it  is  established  that 
equipment  can  be  safetly  operated  and  maintained  and  conforms  with 
the  contract  requirements. 

c.  Anal vsi s  -  Analysis  is  the  mathematical  process  of  resolving 
data  into  its  primary  elements  to  permit  logical  conclusions  to  be 
formed  allowing  direct  determi nati on  that  the  data  analyzed  satisfies 
the  purpose  fpr  the  analysis.  Specifications,  drawings,  test  data 
and  other  related  data  are  used.  Mathematical  simulations  are 
considered  an  analysis  tool. 

d.  Similarity  -  Similarity  as  used  herein  shall  refer  to  the 
demonstration  of  compliance  to  design  requirements  for  the  purpose  of 
qualifying  a  component  by  displaying  commonality  between  the 
component  and  one  of  similiar  design,  manufacture,  use  and 

envi ronmental  exposure  which  has  been  previously  qualified. 

e.  Fai lure  —  Any  incident  wherein  the  system  or  any  of  its 
assemblies,  subassemblies,  components,  or  parts  operates  outside  of 
limits  set  by  the  appropriate  specification.  Malfunction  due  to 
government  furnished  equipment  or  human  error  will  not  be  considered 
a  failure. 


f .  Inspect! on  -  A  method  of  verti f i cati on  of  compliance  with 
requirements  for  physical  characteristics ,  without  the  use  of  special 
laboratory  equipment,  procedures,  items  and  services  to  determine 
conformance  to  speified  requirements. 

g.  Contractor  -  The  organisation  that  contracts  to  manufacture 
the  LTHD  system. 

h.  Procuring  agency  -  The  organisation  that  contracts  to  buy  the 
LTHD  system. 


1 0 . 0 


APPENDIX 


cjy  k-co 


FMC/NOD  COMPANY  PRIVATE 


yp  r  r.TCi 


PRgfcfMtNABY-SESiaN.  SPECIFICATION^ 


PHASE  I  —  JUNE  1986 


FMC/NOD  COMPANY  FRIVATE 


i 

I 

i 

i 


LTHD  PRELIMINARY  DESIGN  SPECIFICATIONS 
OUTLINE 


PROGRAM  SCOPE  - 

1.1.  OBJECTIVES  - 

1.2.  GOVERNMENT-FURNISHED  MATERIAL  - 

DESIGN  SPECIFICATIONS  - 

2.1.  PHYSICAL  CHARACTERISTICS  - 

2.1.1.  SIZE  - 

2.1.2.  WEIGHT  - 

2.1.3.  DESIGN  - 

2.2.  DEPLOYMENT  - 

2.2.1.  AIR  TRANSPORT  AND  DEPLOYMENT  - 

2.2.2.  VEHICLE  INTERFACE  - 

2.3.  TACTICAL  MOBILITY - - - 

2.3.1.  TOWING  SPEEDS  AND  STABILITY  - 

2.3.2.  FIRING  POSITION  - 

2.3.3.  WEAPON  EMPLACEMENT  - 

2.3.4.  WEAPON  DISPLACEMENT  - 

2.3.5.  SPEED  SHIFTING  - 

2.4.  FIREPOWER  - 

2.4.1.  OPERATIONAL  PERFORMANCE  - 

2.4. 1.1.  ELEVATION  - 

2.4. 1.2.  TRAVERSE  - 

2.4. 1.3.  FIRING  RATES  - 

2.4. 1.4.  RANGE - - - 

2 . 4 . 1 . 5 .  PROJECT I LE  DEL I VERY  ERROR  - 

2.4. 1.6.  FIRING  STABILITY  - 

2.4. 1.7.  FIRE  CONTROL  - 

2.4.2.  AMMUNITION  INTERFACE  - 

2. 4. 2.1.  PROJECTILES  - 

2. 4. 2. 2. '  CHARGES - 

2. 4. 2. 3.  FUZES - 

2. 4. 2. 4.  PRIMER  - 

2.4.3.  POST-FIRE  ACTIVITIES  - 

2.4.3. 1.  ROUTINE  FUNCTIONS  - 

2. 4. 3. 2.  ABNORMAL  ACTIVITIES  - 

2.5.  ENVIRONMENT  - 

2.5.1.  NATURAL  - 

2.5.2.  SELF- INDUCED  - 

2.5.3.  THREAT- IMPOSED  - 

2.6.  MANUAL  INTERFACE  - 

2.6.1.  CREW  - 

2.6.2.  HUMAN  FACTORS  CONSIDERATIONS  - 

2.6.3.  MANUAL  BACKUP  - 

2.7.  MAINTENANCE  AND  SUPPORT  OF  DEMONSTRATOR  - 

2.7.1.  RELIABILITY  AND  MA I NT A I NAB I L I TV  GOALS 

2.7.2.  SELF-MONITORING  - 

0.7.3.  MAINTENANCE  AND  REPAIR  - 

0.7.4.  DEMONSTRATOR  SPARES,  TOOLS  AND  SITE  - 


PAGE 

1 

1 

1 


4 

6 

6 

7 

e 

8 

e 

9 

9 

9 

10 

10 

10 

10 

10 

11 

11 

12 

12 

13 

13 

14 
14 

14 

15 
15 

15 

16 
1  A 

17 

IE 

19 

i  o 

1 9 
2''. 

21 


i 

3 


pj-rt 


1.  PROGRAM  SCOF'S 


1.1.  OBJECT  IVES 

The  primary  objective  of  the  LTHD  project  is  to  conceptualise,  design 
and  -fabricate  a  155mm  technology  demonstrator  which  can  meet  or 
exceed  the  performance  characteri  sti  cs  o-f  the  M198  howitzer,  but  in  a 
much  lighter  con-f i gurati on .  The  demonstrator  shall  not  weigh  more 
than  9000  pounds.  This  represents  a  substantial  reduction  -from  the 
15,760  pound  weight  o-f  the  M19S. 

The  LTHD  design  objectives  are  to  maximize  system  e-f  f  ecti  veness , 
reliability,  -flexibility,  sa-fety,  simplicity  and  maintainability 
while  minimizing  the  overall  size,  weight,  vulnerability  and  cost. 

The  resulting  LTHD  design  should  reflect  the  proper  balance  of 
deployability,  mobility,  firepower,  survivability  and  supportabi 1 i ty . 
The  specifications  associated  with  each  of  these  major  areas  are 
described  within  Section  2  of  this  document.  The  current  system 
description  is  also  attached  for  reference  purposes. 

1.2.  GO vSFNMEHT -FUF.N  I  SHED  MATERIAL 

The  following  items  of  Government-Furni shed  Material  (GFM)  have  been 
requested : 

1)  Fire  Control  Ecui  omervt  —  M19S  Fire  Control  System. 
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2)  Cannon  Assembly  —  XM— 2B4  Cannon  with  the  -following 
changes /except  ions: 

o  Lunette  integral  with  titanium  muzzle  brake, 
o  Band  is  titanium. 

o  Center  mount  is  taper — locked  to  yoke, 
o  Breech  handle  is  replaced  by  a  he::  (-for  a  wrench), 
o  Incorpcrati on  o-f  autoprimer  and  thermal  indicator 
are  considered  proven  technology  and  thus  beyond 
the  scope  o-f  this  project. 
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3)  Test  Ammunition  —  155mm  projectiles,  bag  and  modular 
charges,  -fuzes  and  primers  -from  the  lists  identi-fied  within 
Section  2.4.2.  o-f  this  document. 

4)  Test  Facilities  at  Aberdeen  Proving  Grounds. 

5?  Detailed  Inter-face  Drawincs  -for  Government-Furnished 
components. 
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2.  LTHD  DESIGN  SPECIFICATIONS 
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2.1.  PHYSICAL  CHARACTERISTICS 

2.1.1.  SIZE 

The  LTHD  size  envelope  specifications  are  identified  below  for  the 
stowed,  towing  and  firing  conf icurati cns  of  the  howitzer. 

2.  1.1.1.  STOUJED  CONFIGURATION 

The  LTHD  size  limitations  in  a  stewed  conf i gurati on  are  driven  by 
constraints  associated  with  deployment  from  the  C130  aircraft.  The 
maximum  allowable  dimensions  are  as  follows. 

Length  —  38  feet.  ^'1$  "  24?" 

Width  —  The  width  shall  be  no  greater  than  that  of  the  Ml?£ 
howitzer  in  its  stewed  configuration  (110  inches). 
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Height  —  The  maximum  allowed  height  for  a  stowed  M198 
howitzer  is  84  inches.  This  height  enables  the  M198  to 
clear  the  exit  opening  of  the  C130  as  it  tips  and  slides 
down  the  ramp  during  extraction  via  parachute. 


The  height  allowance  actually  increases  with  the  distance 
from  the  last  part  of  the  howitzer  to  exit  the  aircraft. 
Therefore  a  slight  increase  (to  about  87  inches)  in  stewed 
height  over  that  of  the  M199  is  allowable  on  the  LTHD,  it 
the  maximum  height  occurs  further  forward  tnan  on  tne  M19S. 
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?.  TOWING  CONFIGURATION 

The  LTHD  towing  con-figuration  size  envelope  shall  be  within  that  cf 
the  M198  which  is  as  -follows. 

Length:  40 "3“ 

Width:  9 ' 2" 

Height:  9 ' 6" 

2.  1.1.5.  FIRING  CONFIGURATION 
The  dimensional  limits  -for  the  LTHD  in  a  -firing  ccn-f iguraticn  should 
be  determined  via  the  design  tradeof-f  process  which  seeks  the  proper 
balance  o-f  -firing  stability,  survivability  and  operational 
deployment/emplacement  considerations.  As  a  guideline,  the  H19S 
-firing  size  envelope  is  37*2"  X  25 ' 9 11  X  9'6".  The  LTHD  -firing  size 
envelope,  while  not  restricted  to  these  dimensions,  should  enable 
emplacement  on  a  similar  size  piece  o-f  terrain  (37— foot  diameter 
circular  area). 

2.1.2.  WEIGHT 

The  total  weight  o-f  the  LTHD  shall  not  exceed  9000  pounds.  This 
weight  limit  is  the  projected  maximum  load  which  can  be  tactically 
deployed  by  the  UH&O  BLK  I  HOD  helicopter.  The  weight  limit  c-f  900-1’ 
pounds  is  the  actual  hook  load,  and  dees  not  include  any  allowance 
for  ammunition  or  for  slings/hardware  that  must  be  used  by  the  L’HsO 


to  carry  the  LTHD. 


2.1.3.  DESIGN 
2. 1.3.1.  STANDARDIZATION 
The  design  should  incorporate  standard  military  parts,  materials  and 
hardware  to  the  maximum  extent  possible. 

2.  1.3.2.  F'RODUC  1 5 1 L I TY 

The  design  should  reflect  proriucibi 1 i ty  considerations  in  that  it  may 
be  manuf actured  without  elaborate  machinery  or  rare  skills.  Exotic 
materials  requiring  special  machining  or  treating  should  be  avoided. 

2.  1.3.3.  SPECIAL  REQUIREMENTS 

o  The  LTHD  design  shall  maintain  ballistic  similitude  with 
the  M 1 9E  howitzer  to  the  extent  practical. 

c  The  maximum  impulse  to  bs  imparted  to  the  recoil  mechanise 
is  12,500  lbs.  sec. 

c  Standard  hydraulic  fluid  shall  be  used  per  MIL-STD-60E3. 

o  The  LTHD  design  shall  integrate  and  effectively  interface 
with  the  EFE  items  listed  in  Section  1.2.  of  this 


document . 


DEPLOYMENT 


AIR  TRANSPORT  AND  DEPLOYMENT 


The  LTHD  shall  be  transportabl e  and  deployable  via  -fixed-wing 
aircraft  and  helicopters.  The  requirements  associated  with  air 
transport  and  deployment  are  presented  below. 


2.2. 1.1.  FIXED-WING  AIRCRAFT 

The  LTHD  design  shall  allow  it  to  be  loaded,  transported  and  dep! eye; 
from  C-130E,  C-141  and  C-5  aircraft.  The  design  shall  take  into 
account  all  mechanical  interfaces  (i.e.  attachment/release  points) 
with  these  aircraft.  It  shall  also  permit  interface  with  the  ground 
support  vehicles/hardware  used  to  load  and  offload  these  aircraft. 


The  LTHD  shall  be  Low  Altitude  Parachute  Extraction  System  (LARES) 
certified  and  able  to  withstand  the  deployment  forces  and  shocks 
associated  with  air  drops.  It  should  remain  aerodynamical ly  stable 
during  its  separation  from  the  aircraft  and  throughout  the  parachute 
descent.  It  shall  remain  upright  upon  ground  impact  and  withstand 
impact  shock  loads  of  15  to  20  g's. 


!.2.  1.2.  HELICOPTERS 


The  LTHD  design  shall  enable  it  to  be  airlifted  by  the  UHeO  Plackhat-. 
ELK  I  MOD  helicopter,  which  is  expected  to  have  a  maximum  lift 
capability  of  9000  pounds.  This  requirement  is  the  driver  of  the 
significant  weight  reduction  on  the  LTHD  ever  that  of  the  M19S.  It 
shall  also  be  possible  to  airlift  the  LTHD  with  the  helicopters  uss: 
to  transport  the  M19S  howitoer  (CH-47C  and  larger  helicopters). 


The  LTHD  design  shall  provide  sling  attachment  points  which  allow 
stable  li-ft  operations  by  the  helicopters  designated  to  transport  the 
howi tzer . 

2.2.2.  VEHICLE  INTERFACE 

The  LTHD  shall  be  towable  by  designated  tactical  trucks  -from  the 
Army's  present  inventory.  This  includes  the  ME13  5-ton  cargo  truck 
and  the  M54B  6-ton  tracked  cargo  carrier  which  currently  can  tow  the 
M19E  howitzer.  It  shall  also  be  possible  to  tow  the  LTHD  with  the 
M992  Field  Artillery  Ammunition  Support  Vehicle  (FAASV) . 

Requirements  associated  with  the  towing  vehicle  inter-face  include  the 
■f  ol  lowing: 

LTHD  ground  clearance  may  not  be  less  than  that  c-f  its 
designated  towing  vehicles;  this  requires  that  a  ground 
clearance  c-f  at  least  10.5  inches  be  provided. 

« 

A  turning  radius  o-f  at  least  TED  -feet  shall  be  achieveable 
with  either  the  MS13  or  the  M54B  tewing  the  LTHD. 

LTHD  tewing  con-figuration  shall  minimize  the  risk  c-f  hitting 
roadside  obstacles  during  towing;  design  shall  limit  the 
vulnerability  c-f  critical  components  to  tewing  damage. 

It  should  be  possible  -fer  4  crew  members  tc  couple  and 
uncouple  the  LTHD  -frem  its  towing  vehicle. 
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2.3.  TACTICAL  MOBILITY 

2.3.1.  TOWING  SPEEDS  AND  STABILITY 

The  LTHD  shall  remain  stable  at  the  -following  maximum  towing  speeds: 

o  Cross-Country - 5  mph 

o  Secondary  Roads - 25  to  30  mph 

o  Improved  Roads - 45  mph 

The  LTHD  should  remain  more  stable  than  the  M19E  under  all  towing 
conditions,  including  rough  cross-country  terrain,  sharp  turns  and 
towinc  on  side  slopes. 

2.3.2.  FIRING  POSITION 

It  shall  be  possible  to  deploy  and  -fire  the  LTHD  -from  any  position* 
used  to  -fire  the  Ml 98  howitzer.  This  includes  type  c-f  terrain/soi 1 , 
amount  c-f  area  needed  to  deploy  the  weapon,  and  off-levsl  terrain 
allowances.  These  requirements  are  as  -follows: 

It  shall  be  possible  to  deploy  the  LTHD  on  all  types  c-f 
solid  terrain,  ranging  -from  desert  sand  to  rocky  surfaces. 

The  LTHD  shall  be  operationally  deployable  within  a  circular- 
area  37  feet  in  diameter. 

It  shall  be  possible  to  load  and  fire  the  LTHD  from  the 
following  worst  case  off— level  weapon  orientation: 

Maximum  terrain  slope  =  10— degree  cant 


3.  WEAPON  EMPLACEMENT 


The  LTHD  shall  be  emplaceable  by  a  -four-person  crew  in  3  minutes  cr 
less  (up  to  the  point  o-f  laying  the  weapon),  assuming  it  has  been 
previously  disconnected  -from  the  helicopter  or  truck  which 
transocrted  it  to  the  emplacement  site. 

2.3.4.  WEAPON  DISPLACEMENT 

It  shall  be  possible  -for  a  -four-person  crew  to  change  the  LTHD  -from  a 
■firing  cc.n-f  i  gurati  c.n  to  a  towing  or  stowed  con-figuration  in  3  minutes 
cr  less.  This  time  allowance  does  not  include  attaching  the  LTHD  to 
the  towing  vehicle  cr  helicopter  slings. 

2.3.5.  SPEED  SHIFTING 

The  LTHD  design  shall  allow  a  -four — person  crew  to  shi-ft  the  hcwitrer 
through  6,400  mils  in  3  minutes  or  less. 


2.4.  FIREPOWER 


2.4.1.  OPERATIONAL  PERFORMANCE 

The  LTHD  should  have  performance  character i sti cs  equal  to  or  better 
than  the  M193  howitzer. 

2.4. 1.1.  ELEVATION 

The  LTHD  cannon  shall  be  able  to  elevate  between  the  limits  of  -75  to 
+  1275  mils.  Elevation  rates  shall  be  sufficient  to  allow 
achievement  of  the  required  firing  rates.  (Elevation  rate 
requirement  i s  an  output  of  timeline  budget  tradeoff  analyses.) 
Elevation  precision  shall  be  sufficient  to  allow  attainment  of 
projectile  delivery  error  speci f icati cns.  (Elevation  precision 
requirement  is  an  output  of  error  budget  tradeoff  analyses. ) 

2.4. 1.2.  TRAVERSE 

The  LTHD  shall  be  able  to  traverse  400  mils  to  the  right  and  left  of 
the  emplacement  orientation.  As  was  the  case  f or -el evati on ,  the 
traversal  rates  and  precision  shall  be  sufficient  to  allow 
achievement  of  the  required  firing  rates  and  delivery  error 
specifications. 
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2.4. 1.3.  FIRING  RATES 

2.4. 1.3. 1.  MAXI MUM  RATE  OF  FIRE 

The  LTHD  shall  achieve  the  following  maximum  firing  rates  for 
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standard-si z e  rounds  (assuming  Swiss  Notch  will  hold  propellant  i. 
chamber  at  elevations  up  to  BOO  mils): 

Firing  Elevation  Ma::  i  mum  Rate  of  Fire 

<_  BOO  mils - 4  rcunds/min. 

1  BOO  mils - 1  round/min. 


/o 


The  LTHD  shall  be  able  to  -fire  over — size  rounds  (COPPERHEAD)  at 
maximum  rate  of  TBD  rounds/mi n . 
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The  LTHD  shall  be  able  to  maintain  the  above  specified  maximum  rates 
o-f  -fire  -for  up  to  TBD  minutes  (to  be  determined  by  Benet  Weapons 
Laboratory) . 

2.4. 1.3.2.  SUSTAINED  RATE  OF  FIRE 

The  LTHD  shall  be  able  to  maintain  a  sustained  -firing  rate  c-f  TBD 
rounds  per  minute  (to  be  determined  by  Benet  Weapons  Laboratory) . 

2.4. 1.4.  RANEE 

The  LTHD  shall  provide  -fire  support  to  maximum  ranges  equivalent  to 
or  better  than  the  current  MIPS.  The  MIPS  can  deliver 
rocket -assisted  projectiles  to  30.1  km. 

The  LTHD  shall  have  a  minimum  range  capability  o-f  3.5  km  or  less 
(23). 

The  LTHD  shall  also  possess  a  direct  -fire  capability  which  is  at 
least  equivalent  to  that  o-f  the  M19B. 

2. 4 .  1 . 5 .  PROJECT  I LE  DEL  I  VERY  ERROR 

The  LTHD  shall  be  able  to  deliver  the  speci-fied  projectiles  cn  target 
at  the  level  of  precision  currently  demonstrated  by  the  MIPS.  The 
delivery  error  associated  with  the  LTHD  material  and  ammo  elements 
shall  r.ot  exceed  a  3  mil  Cc.F  at  maximum  range,  assumir.c  "staple"  Met 
cond i t i ons . 
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2.4.1.6.  FIRING  STABILITY 

The  LTHD  design  should  ensure  weapon  system  stability  under  all 
specified  -firing  conditions.  The  slide  and  hop  reactions  to  -firir.o 
shall  not  e::ceed  those  o-f  the  M19S  -for  the  respective  worst  case 
combinations  o-f  charge,  gun-pointing,  soil  conditions  and  c-f-f-level 
weapon  orientation. 

2.4. 1.7.  FIRE  CONTROL 

The  LTHD  design  shall  incorporate  the  M19E  Fire  Control  System  (to  be 
provided  GFE)  .  Firing  preparation  activities,  -fire  enable  and 
pcst-r  ire  activities  performed  by  the  LTHD  shall  be  developed  ar.d 
de-fined  in  accordance  with  the  -functions,  capabilities  and 
limitations  o-f  the  M19S  Fire  Control  System. 
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2.4.2.  AMMUNITION  INTERFACE 


i 

i 

i 

■ 


2. 4. 2.1.  PROJECTILES 


The  LTHD  should  be  capable  o-f  loading  and  -firing  all  lSSsun 
projectiles  which  are  presently  in  inventory.  This  includes  the 
■f  ol  lowing: 


—  Ml 07  HE 

—  MHO  SMOKE 

—  M110  CHEMICAL 


—  Mll£  SMOKE 

—  M121  CHEMICAL 

—  M449  HE  I CM 

—  M454  NUCLEAR 

—  M483A1  HE  I CM 

—  M425  ILLUM 

—  M549A1  HERA 


—  M6B7  BINARY 

—  M692/M731  HE  ADAM 

—  M712  HE  COPPERHEAD 

—  M71S/M741  HE  RAAM 

—  MS 04  PRACTICE 

—  MS25  SMOKE 
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2. 4. 2. 2.  CHARGES 

The  LTHD  should  be  able  to  load  and  -fire  using  the  -following 
propelling  charges: 

—  M3 A 1  GREEN  BAG  (Z5  or  less) 

—  M4A2  WHITE  BAG  <  Z3-7) 

—  Ml  19/Ml 19A1  WHITE  BAG  (ZB) 

—  M119A2  RED  BAG  <Z7> 

—  M203  RED  BAG  (ZSS) 

—  Unique  Charge  used  -for  M454  NUCLEAR  Projectile 
—  Modular  Charges  currently  under  development 

2. 4. 2. 3.  FUZES 

Pro jecti le/f uce  combinations  -fired  -from  the  LTHD  should  include  ail 
such  combinations  currently  fired  from  the  M19e.  This  includes  the 
following  types  of  fuses  —  Impact/Point  Detonating,  Mechanical 
Timer,  Mechanical  Timer  Super  Quick,  Electronic  Timer,  and  Proximity. 

2. 4. 2. 4.  PRIMER 

The  LTHD  design  should  make  allowances  (weight,  space  and  functional 
interface)  for  an  automatic  primer  insertion  cape.b’lity  consistent 
with  achievement  of  the  maximum  rats  of  fire  specifications  in 
paragraph  2.4. 1.3. 
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2.4.3.  POST-FIRE  ACTIVITIES 
2.4.3. 1.  ROUTINE  FUNCTIONS 


Following  each  ■firing,  the  LTHD  shall  be  readied  for  leading  of  the 
r.e:<t  round  within  the  time  budoet  associated  with  achievement  of  the 


maximum  firing  rate  specifications.  The  design  shall  provide  a 
eei-f — swrafctTnn  capstrt'l  i  Ly  between  each  round. 


2. 4. 3. 2.  fi&NGRMAL  ACTIVITIES 

The  LTHD  design  shall  enable  development  cf  safe,  effective 
procedures  to  handle  misfires,  hangfires,  stickers  and  cookoff 
situations. 
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ENVIRONMENT 


2.5.1.  NATURAL  ENVIRONMENT 


The  LTHD  should  be  able  to  perform  its  missions  and  operate 

e-f  f  ecti  vel  y  under  the  natural  environmental  conditions  described 


bel ow: 


Operating  Temperature  —  exposure  to  any  ambient  air 
temperature  between  -25  degrees  F  and  +160  degrees  F  -for  up 
to  8  hours.  (These  temperature  limits  include  the  effects  c 
winterization  kit  heating,  solar  radiation  and  internally 
aenerated  heat. 


Storage  Temperature  —  exposure  to  ambient  air  temperatures 
between  -70  degrees  F  and  +160  degrees  F  -for  extended 
p  er i od  s . 


Temperature  Shock  —  Per  MIL-STD-E'IOD,  Method  503. 


Humi di tv  —  no  degradation  in  performance  during  or  after 
exposure  to  conditions  of  relative  humidity  up  to  99*1  per 
MIL— STD-S10D  Procedure  II. 


Katerprccf ness  —  Per  MIL-STD-S 1 OD ,  Method  512.2. 


Dust  —  Per  MIL-STD-S10D ,  Method  510, Procedure  1. 


It  should  be  possible  to  perform  all  LTHD  functions  under  adverse 
weather  conditions  ihign  winds,  rain,  snow,  sleet,  fog,  etc.)  dav  c 


2.5.2.  SELF- INDUCED  ENVIRONMENT 


The  LTHD  should  be  able  to  perform  its  missions  and  operate 
effectively  under  the  self-induced  (or  interface-induced)  conditions 
described  below: 

Shod-  —  operate  in  sustained  high  shock  and  vibration 
environment  associated  with  cross-country  towing  (Use 
MIL-STD-EIOD,  Method  514.2  as  a  guide).  All  components 
shall  also  withstand  repeated  gun  firing  shock  conditions. 

Vi brati on  —  withstand  conditions  which  consist  of  impcsinc 
sinusoidal  vibrations  of  0.40  inch  double  amplitude  from  1 
to  14  Ho  and  4g  from  14  He  to  500  He  at  the  component 
mounting  interface.  Vibration  frequency  will  be  imposed  at 
a  logarithmic  sweep  rate  of  20  minutes  per  sweep  cycle  (fro 
5  to  500  to  5  Ho)  followed  by  20  minute  dwells  at  each 
resonant  frequency  (maximum  of  4  frequencies).  Total 
vibration  time  including  dwells  shall  be  120  minutes.  Use 
MIL-STD-EIOD  as  a  guide. 

Chemicals  —  withstand  exposure  to  vapors  of  cr  contact  wit 
the  following  for  durations  up  to  4G  hours: 

1)  Fuel  per  VV-F-BOO,  MIL-T-5S24,  1  MIL-S-305£,  and 
M I L-F- 1 6ES4 . 

2)  Hydraulic  Fluid  per  Standard  Fire  Retardent  Spec. 
MIL-STD-60B3D. 

3)  Cleaning  Agents  per  P-C-437. 


Cleaning  Spray  —  withstand  water  jet  spray  from  12  inches 
away  applied  perpendi cul ar  to  the  surface. 


.  THREAT- 1 MF’QSED  ENVIRONMENT 
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Vulnerability  to  aerial  burst*  should  be  a  primary  consideration  -for 
design  decisions  and  tfadeo^ s  involving  component  placement  and 
routing  o-f  cables,  pipes,  and  hoses.  The  design  should  reflect 
selective  use  o-f  shrouds  as  an  additional  means  o-f  physical 
protecti on . 


The  LTriD  shall  also  be  able  to  operate  on  an  NBC-ccntami  rated 
battle-field.  To  the  maximum  extent  possible,  the  LTHD  design  should 
use  materials  which  do  not  absorb  NBC  contaminants  and  are  not 
a-f-fected  by  decontaminating  solutions.  The  design  should  also 
•facilitate  decontamination  c-f  the  LTHD  (maximize  smooth  surfaces, 
minimize  sharp/i naccessi bl e  corners). 


Fire  retardsncy  is  also  a  necessary  design  consi derat i or 


•speci  a’ 


when  composite  materials  are  used. 
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2.6.  MANUAL  INTERFACE 


2.6.1.  CREH 


The  LTHD  shall  be  operable  by  a  crew  of  no  more  than  11  personnel. 
The  crew  will  consist  of  a  section  chief ,  a  gunner,  an  assistant 
gunner,  a  driver,  and  up  to  7  cannoneers.  Manual  tasks  associated 
with,  operations  o-f  the  LTHD  shall  be  compatible  with  the  ranee  o-f 
human  capabilities  o-f  the  5th  to  95th  percentile  c-f  the  U.E.  Army 
male  population. 


2.6.2.  HUMAN  FACTORS  CONSIDERATIONS 

The  LTHD  design  shall  re-flect  human  -factors  engineering  which  will 
allow  the  crew  and  maintenance  personnel  to  perform  their  assigned 
tasks  under  the  stressful  conditions  of  a  battlefield  engagement. 

The  design  shall  enable  manual  tasks  to  be  accomplished  without 
excessive  e.erticn  and  without  exposing  personnel  to  hazardous 
operations.  The  design  should  provide  easy  access  to  controls, 
indicators  and  any  components  requiring  manual  interface  for  routin; 
operations  (i.e.  loading  tray,  etc.). 


Specific  human  factors  requirements  and  guidelines  for  the  design  cf 
the  LTHD  include  the  following: 

Operation  of  the  LTHD  shall  net  result  in  any  adverse- 
effects  on  the  crew  from  noise  and  blast  overpressure. 
Noise  and  blast  overpressure  shall  conform  to  MIL-STD- 1 47-' 
and  MIL  Hand'coct  759.  PI  ast /overpressure  data  (ampl  l  tuco 
and  duration)  shall  be  generated  for  each  crew  position. 


f  r,. 


Elevating  and  traversing  controls  and  activation  mechanism 
design  shall  con-form  with  MIL-STD-1472  and  MIL  Handbook  75?. 


Design  shall  enable  operation,  maintenance  and  repair  under 
MOF'P  IV  and  Arctic  conditions. 


The  LTHD  shall  be  operable,  maintainable  and  repairable  by 
soldiers  in  Educational  Categories  1-4  per  para.  2.0 
(Document  #  DA  PE-MPA-CS) . 


Reach  distances,  visual  access  and  li-fting  requirements 
shall  be  in  accordance  with  MIL-STD-1472  and  MIL  Handbook 


Fire  control  and  communication  component  desi  gn/i nter-f  ace 
shall  be  in  con-fcrmance  with  MIL-STD-1472  and  MIL  Handbook 


2.6.3.  MANUAL  BACKUP 

To  the  maximum  extent  possible,  the  LTHD  design  shall  provide 
manual -backup  operating  modes  -for  mission  critical  -functions. 
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\  2.7.  MAINTENANCE  AND  SUPPORT  OF  DEMONSTRATOR 

|  2.7.1.  RELIABILITY  AND  MAINTAINABILITY  GOALS 

The  LTHD  design  shall  maintain  M193  reliability  and  maintainabi  1  ity 

in  accordance  with  MIL— STB— 7B53  and  MIL-STD-470A.  Design 
V 

support  e-f-forts  should  include  correlation  between  types  c-f  defects 

^  and  associated  performance  degradation. 

*  .V 
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A.r&e*  The  LTHD  shall  achieve  the  -following  preliminary  hardware  reliability 
"  4  «'  “ 


u  y  <£**£*? 


to  match  the 


cf  the  M19S  howitzer: 


Corrective  Maintenance  MRBF  =  TBD 
Combat  Abort  MRBF  =  TB5r  t\CO 


The  LTHD  shall  achieve  the  -following  preliminary  maintainability 

JL( (  Ax  \  to  &£.  ■  ".Co 

leeacix  to  match  the  '  '  " "  “  - *  1 


Mean  Time  to 


c-f  the  M19E  howitzer: 


3  Repair  — -TBolc'r/v.v .  vlrtiTm&J.  )  "  0.  - 

<•  >■  COu-Lu'  SXy  )  -  2.0Vv-v~<J 
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2.7.2.  SELF-MON I TOR I NS 

The  LTHD  design  should  incorporate  the  internal  sensors,  indicators, 
and  gauges  needed  to  enable  the  crew  to  monitor  the  cpe-atinc 
condition  c-f  the  howitzer.  A  primary  -function  c-f  these  sensors  will 
be  tc  provide  early  indications  of  potential  problems  ar.d  thereby 
prevent  or  reduce  personnel  hazards  and  equipment  damage. 
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2. 7.3.  MAINTENANCE  AND  REPAIR 

The  LTHD  design  should  stress  simplicity  and  allow  -for  modular  -field 
replacement  o-f  subsystems.  LTHD  -field  maintenance  activities  shall 
be  accomplished,  to  a  large  extent,  by  the  crew  members  assicned  to 
the  weapon.  Maintenance  and  repair  activities  shall  make  use  o-f 
common  tools  and  support  equipment;  the  use  o-f  uni  que/speci  al  tools 
and  equipment  shall  be  strictly  limited. 


The  LTHD  design  should  enable  operations  in  degraded  modes  until 
proper  repairs  can  be  made.  The  design  should  strive  to  limit  the 
impact  o-f  component  -failures  and  crew  reductions  on  mission 
performance. 


The  d^sicn  shall  munimice  the  time  the  crew  must  spend  per-f c-rmi no 
routir.e/scheduled  maintenance  c-n  the  LTHD.  It  shall  enable  manual 
access  to  LTHD  components  during  scheduled  and  unscheduled 
maintenance  without  exposing  personnel  to  hazardous  conditions. 


DEMONSTRATOR  SPARES .  TOOLE  AND  S5-T- 


res,  tools  and  support  and  test  equipment  (SxTE)  n 
sheet,  maintain  and  repair  the  LTHD  shall  be  ident 
and  all  demonstrati  on  -firincs. 
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Risk  Management 
•for  the 

Lightweight  Towed  Howitzer  Demonstrator 
(Updated  Report) 


Risk  management  begins  with  the  identification  of  uncertainties  at 
the  highest  level  of  UJBS  planning  and  continues  through  the  task 
planning  of  the  individual  WBS  task,  and  subtask  levels. 

Uncertainties,  unknowns,  inconsistencies,  or  even  areas  of  unusual 
complexity  are  identified  at  each  significant  milestone  in  the  design 
process  and  are  evaluated  as  to  their  impact  on  performance, 
schedule,  and  cost.  Alternatives  that  present  near-term  promises  of 
alleviating  the  risk  will  be  identified  and  evaluated  as  corrective 
options  and,  when  acceptance  of  risk  is  deemed  necessary,  contingency 
ilans  will  be  developed. 

The  risk  management  process  designed  for  the  LTHD  program  is  based  on 
the  early  identification,  assessment,  and  control  of  the  risks 
associated  with  meeting  performance  criteria  of  critical  parameters 
identified  by  the  Technical  Performance  Measurement  (TPM)  process. 


Prepared  By: 

Errol  A.  Quick 

LTHD  Systems  Engineer 

30  January  1987 


1. 


Risk  Identification  and  Assessment 


The  TPM  process  identifies  the  LTHD  performance  criteria  which  are 
critical  to  system  success.  In  addition,  it  also  associates  each  of 
these  critical  criteria  with  the  WBS  elements  essential  for  achieving 
the  required  performance  values.  To  arrive  at  a  preliminary 
identification  of  the  risk  associated  with  these  essential  WBS  items, 
members  of  the  LTHD  program  team  assessed  the  probability  of  failure 
(Pf)  and  consequences  of  failure  (Cf)  for  each  essential  WBS 
element.  Based  on  the  team's  assessment,  a  preliminary  risk  factor 
(Rf)  value  was  established  for  WBS  items  noted  in  chart  1. 

Based  on  the  calculated  risk  factor  (Rf),  the  essential  WBS  elements 
were  determined  to  have  a  low,  medium,  or  high  risk.  The  breakdown 
that  was  used  for  this  determination  was  as  follows: 


Ri  sk 

Factor 

Assessed  1 

0.  1 

<  Rf  < 

0.55 

Low 

0.  55 

<  Rf  < 

0.8 

Medi um 

Rf  > 

0.  8 

High 

2.  Change  in  risk  factors. 

As  we  all  know,  the  risk  factors  associated  with  correspondi ng  WBS 
elements  will  change  as  the  TPM  criteria  become  fully  defined,  as  new 
risk  areas  are  identified,  or  as  new  information  on  current  risk 
areas  becomes  available. 

During  the  past  few  months  we  have  lowered  the  risk  of  the  program  in 
a  number  of  areas.  Chart  2  was  presented  during  the  design  review  at 
ARDEC  on  15  January  1987.  The  probability,  consequence  and  risk 
factors  which  have  changed  during  our  TPM  process  are  highlighted  by 
the  boxes.  There  have  been  two  items  added  to  the  Chart  2  matrix: 
the  rail  assembly  and  the  fire  control  linkage.  One  item  was 
deleted:  the  claws. 

3.  Justification  for  Change  in  risk  factors. 

a.  Primer  Autoloader.  The  probability  of  failure  due  to 
complexity  and  dependence  as  well  as  consequence  factors  have  been 
reduced.  The  operating  linkage  has  been  simplified  and  a  capability 
now  exists  for  manual  cyclying.  This  area  was  previously  listed  as  a 
medium  to  high  risk  (.817). 
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b.  Cradle.  The  risk  -factor  o-f  the  cradle  has  been  lowered  -from 
(.841)  to  (.783)  because  the  design  utilizes  readily  available  hand 
laying  techniques  and  can  be  locally  rein-forced  i-f  needed.  Testing 
has  been  added  to  evaluate  the  critical  joints  to  minimize  the  risks. 
We  are  still  assigning  a  medium  to  high  risk  to  this  area  -for  our 
management  purposes. 

c.  Trails.  The  trail  design  is  now  o-f  conventional  construction 
with  areas  being  easily  rein-forced  i-f  necessary.  Manufacturing 
processes  are  being  valided  by  test.  The  risk  factor  has  decreased 
from  a  high  risk  (.841)  to  a  medium  risk  (.599). 

d.  Gimbal.  Probability  and  consequence  factors  have  been 
lowered  because  the  design  is  of  a  conventional  bo:;  beam 
construction.  The  welding  procedures  that  will  be  utilized  are  being 
validated  by  test.  Additionally,  localized  rei nf orcement  is 
practical  if  necessary.  The  rating  of  medium  risk  has  not  changed. 

e.  Recoil  Mechanism.  The  risk  factor  of  (.841)  has  been  lowered 
to  (.683)  for  a  medium  risk  rating.  The  main  reason  for  lowering  the 
factors  was  that  the  recoil  system  is  similiar  to  existing  designs 
with  the  added  variable  of  the  long  length.  In  addition,  the  recoil 
system  can  be  isolated  from  the  other  hydraulics  in  the  event  of  a 
mal f unct i on . 

f.  Inertial  Rammer .  Previously  this  item  was  called  the  flick 
rammer,  but  the  name  was  changed  to  deplict  its  proper  function.  The 
risk  factor  has  decreased  from  (.754)  to  (.599)  based  on  that  the 
long  stroke  inertial  rammer  utilizes  conventional  hydraulics. 

Testing  is  proposed  to  validate  that  the  hydraulics  circuit  provides 
controlled  ramming  under  all  environmental  extremes.  The  assembly 
still  maintains  a  medium  risk  assignment. 

g.  Spade.  The  rating  of  the  spade  has  decreased  from  a  medium 
risk  to  one  of  a  low  risk.  The  spade  design  is  simplified  titanium 
weldment.  The  areas  in  contact  with  the  ground  has  increased  and  the 
part  can  be  locally  reinforced  if  required. 

4.  Risk  Program  Management. 

The  Program  Manager  along  with  the  project  and  systems  engineers  will 
still  follow  the  elements  listed  in  chart  2.  The  risk  identification 
and  tracking  is  the  responsibility  of  every  program  team  member. 
Should  a  team  member  identify  a  new  element  of  risk  or  believes  that 
a  risk  factor  should  be  changed  he  or  she  will  notify  the  systems 
engineer . 
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CHART  1 
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UBS 

Element  Description 

Probability 

Factors 

P»  Pc  Pd 

Consequence 

Factors 

Ct  Cc  Cs 

Avg. 

Prob. 

Factor 

Avg. 

Consequ. 

Factor 

Risk 

Factor 

Rating 

11100  Int/assby 

0.3  0.3  0.3 

0.5  0.3  0.3 

0.300 

0.367 

0.557 

11200  Cannon 

Tube 

Huzcel  Brake 

1 

I 

BFE  1 

0.3  0.3  0.5  1  0.3  0.J  0.3 

0.367 

0.300 

0.557 

Breech 

Prieer  Autoloader 

GFE  ! 

0.5  0.5  0.9  1  0.7  0.3  0.5 

0.633 

0.500 

0.B17 

H-H 

11300  Carriage 

Cradle 

0.5  0.3  0.9 

0.9  0.5  0.5 

0.567 

0.633 

0.B41 

H-H 

Trails 

0.7  0.5  0.5 

0.9  0.5  0.5 

0.567 

0.633 

0.B41 

H-H 

Giabal 

0.5  0.5  0.5 

0.5  0.5  0.5 

0.500 

0.500 

0.750 

H 

Platfore 

0.3  0.1  0.3 

0.3  0.3  0.3 

0.233 

0.300 

0.463 

Wheel  units 

0.1  0.3  0.3 

0.1  0.3  0.3 

0.233 

0.233 

0.412 

Recoil  Hechanise 

0.5  0.5  0.9 

0.7  0.5  0.5 

0.633 

0.567 

0.841 

H-H 

Equilibrators 

0.3  0.3  0.3 

0.5  0.3  0.3 

0.300 

0.367 

0.557 

Hydraulics 

0.5  0.5  0.5 

0.7  0.5  0.5 

0.500 

0.567 

0.7B3 

H-H 

Flick  Rawer 

0.7  0.5  0.5 

0.7  0.3  0.3 

0.567 

0.433 

0.754 

H 

Load  Tray 

0.3  0.1  0.1 

0.1  0.1  0.1 

0.167 

0.100 

0.250 

Spade 

0.3  0.1  0.3 

0.7  0.3  0.3 

0.233 

0.433 

0.566 

Clans 

0.3  0.3  0.3 

0.5  0.3  0.3 

0.300 

0.367 

0.557 

11400  Fire  Control 
Elevation 

0.1  0.3  0.3 

0.1  0.3  0.3 

0.233 

0.233 

0.412 

Traverse 

0.1  0.3  0.3 

0.1  0.3  0.3 

0.233 

0.233 

0.412 

Pi  =  probability  of  failure  due  to  eaturity 

Pc  s  probability  of  failure  due  to  complexity 

Fd  =  probability  of  failure  due  to  dependency  on  other  ite*s 

Ct  =  consequence  of  failure  due  to  technical  factors 

Cc  1  consequence  of  failure  due  to  changes  in  cost 

Cs  *  consequence  of  failure  due  to  changes  in  schedule 


CHART  2 


*B3 

Probability 

Consequence  ! 

Eieaent  Description 

Factors 

Factors  ! 

Pa 

Pc 

?d 

Ct 

Cc 

Cs 

11100  Int/assby 

0.3 

0.3 

M  ■  0 

0.5 

0.3 

0.3 

11200  Cannon 

Tube 

6FE 

Huzzei  Brake 

0.3 

0.3 

0.5 

0.3 

0.3 

0.3 

Breech 

SFE 

Pruer  Autoloader 

10.3 

0.3 

0.5 

0.5 

0.1 

"oTTi 

*  Rail  Assembly 

0.3 

0.1 

0.3 

0.3 

0.1 

0.3 

11300  Carriage 

Cradle 

0.5 

_0.3 

0.9 

0.9 

0.3 

0.3 

Trails 

1 0. 5  0.3  0.3| 

10.5 

0.3 

0.3 

Bubal 

0.5 

0.3 

0.31 

0.510.3 

0.3 

Platfora 

0.3 

0.1 

0.3 

0.3 

0.3 

0.3 

Hheel  units 

0.1 

0.3 

0.3 

0.1 

0.3 

0.3 

Recoil  Hechanisa 

0.5 

0.5  IM 

|0.5 

0.3 

ED1 

Equilibratcrs 

0.3 

0.3 

0.3 

0.5 

0.3 

0.3 

Hydraulics 

0.5 

0.5 

0.5 

0.7 

0.5 

0.5  : 

Inertial  Raaaer 

10.3 

0.3  0.5 

[0 

0.3 

0.3 

Load  Tray 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1  ! 

5pade 

0.3 

0.1 

El 

0.3 

0.1 

0.1 

11400  Fire  Control 

6FE 

1 

Elevation 

0.1 

0.3 

0.3 

0.1 

0.3 

0.3 

Traverse 

0.1 

0.3 

0.3 

0.1 

0.3 

0.3  : 

*  Linkage 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

Avg. 

Prob. 

Factor 


0.300 


0. 367 

[  0T3&7  | 

0.233 

0.567 

0.367 

0.367 

0.233' 

0.233 

FTsool 

0.300 
0.500 
|  0.367[ 
0.167 
I  0.1671 


0.233 

0.233 

0.167 


Avg. 

Consequ. 

Factor 


0.367 


0.300 


!  0.233 
0.233 


0.500 
0.367 
0.36' 
0.300 
0.233 
I  0.367 | 
0.367 
0.567 
j  0.3671 
0.100 
I  0.1671 


0.233 

0.233 

0.100 


Risk 

Factor 


0.557 


0.557 

j  0.5lV 
0.412 


0.783 
0.599 
0.599 
0.463 
0.412 
I  0.683) 
0.557 
0.783 
I  0.5991 
0.250 
I  0.3061 


0.412 

0.412 

0.250 


Rating 


L-H 


L-H 


j  L-H  1 


H-H 

E 

H 


0 

n 

H-H 

H 


P»  -  probability  of  failure  due  to  eaturity 

Pc  =  probability  of  failure  due  to  coaplenty 

Fd  =  probability  of  failure  due  to  dependency  or.  other  itees 

Ct  =  consequence  of  failure  due  to  technical  factors 

Cc  =  consequence  of  failure  due  to  changes  in  cost 

Cs  =  consequence  of  failure  due  to  changes  in  schedule 

*  =  Added  to  list 

H0TE:  Clans  »ere  deleted 
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4800  East  River  Road 


PRELIMINARY  HAZARD  ANALYSIS 
FOR 

LIGHTWEIGHT  TOWED  HOWITZER  DEMONSTRATOR 


1.0  INTRODUCTION 

System  safety  activities  are  an  integral  part  of  the  concept  development 
of  the  Lightweight  Towed  Howitzer  Demonstrator  (LTHD).  Using  a  systems 
engineering  approach,  safety  will  be  a  part  of  all  future  design  reviews. 
At  each  design  review,  the  Preliminary  Hazard  Analysis  (PHA)  will  be  a 
base  document  for  identifying  safety  hazards  and  formulating  corrective 
action  using  the  following  order  of  precedence:  (l)  eliminate  the 
hazard,  (2)  provide  a  safeguard,  (3)  provide  a  warning,  (4)  provide 
training. 

Research  from  a  wide  variety  of  sources  was  incorporated  into  this  PHA. 
Material  was  supplied  from  the  U.S.  Army  Safety  Center,  from  records  of 
industrial  safety,  MIL  STD's  and  FMC's  own,  in-house  safety  standards  and 
practices. 

Program  system  safety  objectives  will  be  in  accordance  with  MIL-STD-882B 
to  ensure  that: 

1.  Safety  consistent  with  mission  requirements  is  designed  into  the 
system  in  a  timely,  cost-effective  manner. 

2.  Hazards  associated  with  each  system  are  identified,  evaluated, 
and  eliminated,  or  the  associated  risk  reduced  to  a  level 
acceptable  to  the  managing  activity  (MA)  throughout  the  entire 
life  cycle  of  a  system. 

3.  Historical  safety  data,  including  lessons  learned  from  other 
programs,  are  considered  and  used. 

4.  Minimum  risk  is  sought  in  accepting  and  using  new  design  and 
materials. 


2.0  METHOD 

Hazards  can  be  identified  through  many  sources.  Historical  data  is 
particularly  helpful.  In  this  context  the  U.S.  Army  Safety  Center  was 
asked  to  provide  a  record  of  all  recent  accidents  on  the  M109  howitzer, 
M198  howitzer  and  airlift  sling  load  accidents.  These  sources  show  a 
significant  number  of  accidents  being  caused  from  dropping  heavy  projec¬ 
tiles  or  from  the  close  proximity  of  the  cannoneer  to  the  howitzer 
breech.  These  two  hazards  should  be  significantly  reduced  in  the  new 
lightweight  howitzer  design. 

Hazards  are  also  identified  by  identifying  sources  of  high  energy  which 
if  not  properly  controlled  can  be  dangerous.  As  always  the  analysis 
considers  not  only  the  primary  system  but  also  the  associated  support 
equipment , 
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personnel,  environmental  exposures,  and  interfacing  systems.  Therefore 
the  PHA  includes  items  from  the  ammunition,  towing  and  lifting  vehicles. 

Energy  sources  are  hazardous  and  as  such  are  fundamental  to  the  safety 
analysis.  Generic  energy  sources  include  kinetic,  potential,  chemical  and 
electrical.  Kinetic  sources  are  represented  by  the  moving  vehicle  and 
machinery.  High  potential  sources  include  stored  pressure  and  system 
mass.  Chemical  sources  are  present  in  the  ammunition,  hydraulic  fluid, 

NBC  agents  and  NBC  decontaminates.  Electrical  sources  are  present  in 
static  electricity  during  helicopter  lift. 

The  presence  of  an  energy  source  is  not  necessarily  hazardous  unless 
system  events  can  cause  the  energy  to  become  uncontrolled.  Typical  causes 
leading  to  loss  of  control  include  human  error,  component  failure  and 
external  forces  such  as  hostile  fire.  Thus  a  typical  hazard 
identification  will  begin  by  identifying  a  possible  system  event  leading 
to  a  hazardous  loss  of  control.  A  close  working  relationship  is 
maintained  between  human  factors,  reliability  and  safety  as  human  error 
or  mechanical  failure  frequently  generate  hazards.  Energy  sources  are 
compared  to  the  system  events  which  can  lead  to  loss  of  control  in  a 
Accident-Risk  Factor  Matrix  presented  as  Attachment  1. 

The  preliminary  Hazard  Analysis  Report  presents  a  listing  of  identified 
hazards  classified  by  subsystem  and  including  the  following  information 
as  specified  by  MIL-STD-882B. 

(1)  System/Subsystem/Unit .  Enter  the  particular  part  of  the 
system  that  this  phase  of  analysis  is  concerned  with.  For 
example,  if  this  item  (or  items)  applies  to  a  radar  system 
modulator,  enter  "modulator."  If  there  are  several  modulators 
in  the  system,  be  sure  and  clearly  specify  which  one  the 
analysis  pertains  to. 

(2)  System  Event (s)  Phase.  The  configuration  or  phase  of  the 
mission  the  system  is  in  when  the  hazard  is  encountered,  for 
example,  during  the  maintenance,  during  flight,  during  pre¬ 
flight,  full-power  applies,  etc.,  or  it  could  be  encountered 
in  all  system  events. 

(3)  Hazard  Description.  A  brief  description  of  the  hazard,  for 
example,  "Radiation  leakage  from  radar  set  wave  guide." 

(M  Effect  on  System.  The  detrimental  results  that  an  uncontrol¬ 
led  hazard  source  could  inflict  on  the  system  or  personnel. 

(5)  Risk  Assessment .  An  assigned  risk  assessment  for  each  hazard 
as  defined  in  MIL-STD-882B,  paragraph  4.5,  or  contractual ly 
designated  classification  for  severity  and  probability  of 
occurrence. 

(6)  Recommended  Action.  A  technical  description  of  the  recom¬ 
mended  action  to  eliminate  or  control  the  hazard,  for  example, 
detailed  design  criteria,  possible  protective  devices  or 
special  procedures.  Include  alternative  designs  criteria, 
possible  protective  devices  or  special  procedures.  Include 
alternative  designs  and  cost  impact  where  appropriate. 
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(7)  Effect  of  Recommended  Action.  The  effect  of  the  recommended 


action  on  the  assigned  risk  assessment. 


(8)  Remarks.  Any  information  relating  to  the  hazard  not  covered  in 
the  blocks,  for  example,  applicable  documents,  previous 
failure  data  on  similar  systems,  or  administrative  directions. 


(9)  Status .  The  status  of  actions  to  implement  the  recommended,  or 
other  hazard  controls. 


SEVERITY 


Descr iot ion 

Category 

Mishao  Definition 

CATASTROPHIC 

I 

Death  or  system  loss 

CRITICAL 

II 

Severe  injury,  severe  occupational 
illness,  or  major  system  damage. 

MARGINAL 

III 

Minor  injury,  minor  occupational 
illness,  or  minor  system  damage. 

NEGLIGIBLE 

IV 

Less  than  minor  injury, 
occupational  illness,  or  system 
damage. 

PROBABILITY 

Descr ipt ion 

Level  Specific 

Individual  Item  Fleet  or  Inventory-'"' 

FREQUENT 


Likely  to  occur  frequently  Continuously 

Experienced . 


FR03ABLE 


Will  occur  several  times 
in  life  of  an  item. 


Will  occur  frequently 


OCCASIONAL 


Likely  to  occur  sometime 
in  life  of  an  item 


Will  occur  several 
t  imes 


REMOTE 


Unlikely,  it  can  occur 
in  life  of  an  item 


Unlikely,  but  can 
reasonably  be 
expected  to  occur 


IMPROBABLE 


So  unlikely,  it  can 
be  assumed  occurrence  may 
not  be  experienced 


Unlikely  to  occur 
but  possible 


In  category  5,  above,  severities  and  probabilities  are  defined  in 
accordance  with  the  following  definitions  taken  from  MIL-STD-882B.  In 
general  all  catastrophic,  category  I  and  critical  category  II  hazards 
shall  be  eliminated  or  their  risk  reduced  to  an  acceptable  low  level. 

3.0  SYSTEM  DESCRIPTION 

The  basic  LTHD  consists  of  three  major  subsystems:  (1)  cannon, 
including  barrel  and  breech,  (2)  carriage,  including  basic  structure, 
trails,  spade,  travel  wheels,  brakes,  suspension  recoil  and 
equilibration,  (3)  fire  control  including  direct  and  indirect  sights, 
elevation  and  traverse  control  systems. 

3.1  Cannon 

The  cannon  consists  of  a  new,  39  caliber  barrel,  a  modified  M185  breech 
and  a  new  muzzle  brake  incorporating  the  towing  lunette.  The  barrel  and 
breech  are  of  conventional,  steel  construction.  The  muzzle  brake  is 
made  of  titanium  for  weight  savings.  The  section  moduli i  are  modified 
to  provide  equivalent  strength  to  the  current,  steel  muzzle  brake. 

Prolonged  firing  can  lead  to  the  initiation  of  fatigue  cracks  in  the 
bore  of  the  barrel,  generally  starting  at  the  root  of  the  rifling 
grooves.  Procedures  similar  to  the  current  155mm  howitzers  will  be  used 
to  maintain  a  log  of  number  rounds  and  zones  fired.  After  an 
established  number  of  rounds  the  barrel  will  be  replaced  or  removed  for 
inspection. 

The  M185  breech  is  an  existing  unit  except  for  minor  modifications  to 
mount  the  primer  autoloader.  Current  procedures  will  be  used  for 
periodic  replacement  of  the  breech  ring.  The  breech  is  opened  upon 
hydraulic  command  from  cannoneer  #1  after  completion  of  the 
counterrecoil  cycle.  After  loading  the  next  charge  the  breech  is  closed 
by  hydraulic  command  from  cannoneer  #1.  There  is  a  hazard  of  closing 
the  breech  while  the  cannoneer's  hand  is  still  in  the  breech.  It  is 
controlled  because  cannoneer  #1  operates  the  control  for  breech  closing 
and  he  is  the  only  person  exposed  to  the  hazard.  The  situation  is 
similar  to  all  currently  fielded  howitzer  systems.  Proper  precautions 
and  the  nature  of  the  hazard  should  be  emphasized  in  training. 

The  muzzle  brake  is  essentially  the  same  as  the  M198  but  incorporates  a 
lunette  for  towing.  Pressure  pulse  in  the  crew  area  should  be  improved 
because  the  crew  stations  are  further  to  the  rear  of  the  muzzle. 

Testing  should  be  done  to  determine  positions,  protecting  and  maximum 
number  of  rounds  which  can  be  fired  without  risking  hearing  damage  to 
the  crew. 

Cannoneer  Ol  may  be  exposed  to  increased  blast  reflected  from  the 
trails.  His  location  should  be  considered  in  the  test  program.  The 
addition  of  the  towing  lunette  to  the  muzzle  brake  should  pose  no 
safety  hazards  as  the  unit  is  far  stronger  than  any  imposed  towing 
loads. 

For  the  production  version  the  primer  inserter  will  be  mounted  or.  the 
breech  with  a  minimal  modification.  It  holds  a  clip  of  primers  and  is 
activated  by  hydraulic  command  from  cannoneer  #1.  It  will  automat ical ly 


insert  a  new  primer  and  cock  the  firing  mechanism.  In  the  event  of  a 
misfire  a  new  primer  can  be  inserted  by  a  mechanical  linkage.  This 
feature  is  a  safety  advantage  relative  to  current  cannons  since  the 
cannoner  will  be  further  from  the  primer  hole  for  this  operation.  If  the 
apparent  misfire  is  really  a  "sticker"  the  chamber  will  be  full  of  hot 
gases  which  will  escape  when  the  primer  is  removed. 

Firing  the  howitzer  is  normally  accomplished  by  hydraulic  command  from 
cannoneer  #1.  As  a  safety  feature  to  prevent  inadvertent  firings,  the 
firing  control  must  first  be  moved  in  and  then  moved  to  the  side  in  order 
to  fire.  A  lanyard  ring  is  provided  for  charges  which  require  a  long 
lanyard.  The  lanyard  will  require  a  force  of  10  to  20  pounds  to  fire. 

The  primer  clip  is  removeable  for  misfire  diagnosis.  Both  the  front  end 
and  back  end  of  the  primer  are  visible  to  determine  its  condition. 

Removal  and  replacement  does  not  cause  an  error  in  the  primer  count.  The 
proper  count  of  remaining,  good  primers  is  displayed. 

3.2  Carriage 

The  carriage  subsystem  consists  of  the  cradle  trails,  gimbal  platform, 
inertial  ramming  load  tray  spade,  trunnions,  wheels,  brakes  and 
suspension. 

The  platform  is  constructed  of  composite  structure.  The  surface  is 
smooth,  non  absorbent  to  NBC  contaminants  and  resistant  to  both  high 
pressure  water  spray  and  supertropical  bleach  decontaminates.  The  edges 
of  all  composite  structures  are  sealed  to  prevent  absorption  of  NBC 
contaminants  into  the  weave  of  the  fabric.  The  strut  tubes  are  closed  at 
the  ends  to  prevent  infiltration  of  contaminants  inside  the  tubes.  The 
production  gun  will  use  C.A.R.C.  paint. 

The  trails  are  a  truss  structure  with  composite  flanges  and  AlSiC 
struts.  The  structures  for  the  platforms  and  trails  are  stronger  than 
the  worst  case  loading  which  is  firing  at  negative  elevations.  In  a 
normal  duty  cycle  the  life  of  the  units  is  infinite.  Loss  of  structural 
integrity  could  only  be  caused  by  abuse  or  handling.  In  the  case  of 
overstress  it  is  possible  that  layers  or  individual  filaments  of  the 
structure  could  delaminate  which  would  not  be  visually  apparent.  However, 
during  emplacement,  the  gun  is  not  being  fired  and  any  hidden  structural 
delaminations  will  give  clearly  audible  cracking  noises. 

The  spade  will  be  made  of  titanium.  The  static  balance  of  the  gun  is  such 
that  the  vertical  load  on  the  spade  is  much  higher  than  the  M198,  2800 
pounds  versus  500  pounds,  which  greatly  increases  the  resistance  to  a 
catastrophic  pullout.  Spade  area  is  also  increased. 

The  gun  derives  its  stability  from  the  configuration  of  the  forward 
pointing  trails.  In  the  static  position,  load  is  distributed  evenly  at 
three  contact  points:  the  central  spade,  the  forward  left  trail  and  the 
forward  right  trail.  Firing  recoil  forces  increase  the  load  on  the 
central  spade  and  unload  the  forward  trails.  Positive  system  stability  is 
maintained  even  in  the  worst  case  which  is  firing  maximum  zone  charge  at 
zero  elevation.  Dynamic  analysis  indicates  positive  stability.  System 
test  will  be  used  to  support  initial  stability  calculations.  The  spring 
effect  caused  by  rapid  unloading  of  the  trails  will  be  invest igat ed . 

The  transport  system  consists  of  four  tires  on  an  r.vdra.li*  susper.s  i . 
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The  four  tire  configuration  with  individual  hydraulic  suspension  provides 
increased  tracking  stability  in  the  towing  mode  and  reserve  load  capacity 
for  the  tires.  Rated  load  for  the  four  tires  is  10,720  lbs.  while  actual 
load  is  only  9000  lbs.  Even  in  the  event  of  a  sudden  flat  in  one  of  the 
tires  the  remaining  tire  on  that  side  will  be  able  to  carry  the  load  for 
a  short  time  at  maximum  speed,  55MPH,  or  for  much  longer  at  reduced  speed 

Springing  is  provided  through  the  hydraulic  system.  Oil  is  transferred 
between  the  front  and  rear  tires  to  create  an  action  similar  to  a 
suspension  bogey.  The  use  of  oil  provides  damping  to  the  suspension 
action. 

The  system  is  equipped  with  air  over  hydraulic  brakes  which  can  be 
mechanically  locked  in  the  park  position  when  so  desired.  Loss  of 
pressure  will  not  destroy  the  park  the  brake  hold. 

Sling  lift  Rings  are  provided,  two  at  the  front  of  the  cradle  assembly 
and  two  at  the  rear  frame.  For  helicopter  sling  lifting  the  unit  will  be 
supported  on  rubber  tires  at  the  point  of  sling  attachment.  Therefore,  it 
will  be  insulated  from  the  ground  which  may  reduce  the  hazard  of  static 
electric  shock  due  to  a  build  up  of  charge  on  the  helicopter.  However,  a 
grounding  strap  should  be  used  prior  to  attachment. 

The  center  of  gravity  is  located  centrally  to  the  sling  points  for  stable 
sling  load  operation.  The  large  cross  section  of  the  trails  will  provide 
a  natural  center  of  air  resistance  which  will  move  stably  to  the  rear  of 
the  sling  center  for  streamlined  sling  flight. 

3.3  Fire  Control 

The  standard  M198  optical  sights  will  be  used  and  no  safety  related 
difficulties  are  anticipated. 

3.4  Hydraulic  System 

In  the  work  breakdown  structure,  the  hydraulic  subsystem  is  split  between 
the  carriage  and  fire  control  subsystems.  However,  it  is  convenient  to 
address  all  hydraulic  functions  in  one  section  of  this  report. 

The  hydraulic  system  consists  of  the  recoil,  equilibration,  elevation, 
traverse  ramming,  primer  autoloader/lanyard  control,  and  suspension 
subsystems  and  their  associated  cylinders,  reservoirs,  and  accumulators. 

Standard  hydraulic  fluid  is  used  per  MIL-STD-6083 .  This  is  a  reasonably 
non-volatile  petroleum  based  hydraulic  fluid  which  is  used  in  many  Army 
systems.  A  slight  hazard  could  exist  if  absorbent  materials  are  allowed 
to  accumulate  fluid.  However  this  can  be  controlled  with  procedures  for 
general  good  housekeeping.  The  materials  used  in  the  howitzer  construc¬ 
tion  are  non-absorbent .  Disposal  of  this  should  be  by  current  procedures 
to  avoid  environmental  pollution. 

The  equilibration  accumulators  use  moveable  pistons  to  separate  the  oil 
from  the  gas  and  minimize  leakage.  The  accumulators  will  require 
occasional  recharging  with  nitrogen.  The  pressures  involved  are 
extremely  high,  approximately  5000  psi.  There  are  hazards  from  the  gas 


pressure  and  from  any  mixing  of  oxygen  with  the  system.  For  the 
production  gun,  procedures  and  product  labels  must  be  provided  for  safe 
recharging . 

The  accumulators  and  recoil  cylinders  are  positioned  to  give  them  maximum 
protection  from  hostile  fire  and  are  protected  by  the  torque  tube  struc¬ 
ture.  In  the  event  of  a  hit,  the  positioning  of  the  crew  should  prevent 
any  injury  from  pressure  leaks  or  from  the  resulting  loss  of  barrel 
elevation. 

The  equilibration  and  recoil  systems  employ  dual  hydraulic  cylinders.  The 
loss  of  one  cylinder  from  any  system  will  allow  function  but  in  a 
degraded  mode  with  higher  system  operating  pressure  using  reduced 
charges . 

The  cylinders  are  provided  with  "bear  locks."  In  the  event  of  loss  of 
hydraulic  pressure  the  cylinder  will  lock  in  position.  Hoses  are 
minimized  by  use  of  manifolds  and  commutator  joints.  There  are  three 
cylinders  which  support  the  barrel  in  the  raised  position,  the  elevation 
cylinder  and  the  two  equilibration  cylinders.  The  loss  of  any  one  of 
these  cylinders  will  not  cause  the  barrel  to  catastrophically  drop. 

The  systems  are  temperature  sensitive  and  oil  must  be  added  or  removed  to 
compensate  for  variations.  This  is  easily  done  by  a  bleed  valve  which 
returns  oil  to  the  reservoir  or  a  handpump  which  transfers  oil  from  the 
reservoir  back  into  the  system.  Pressure  gauge  readings  are  used  to 
indicate  low  or  high  oil  condition.  If  a  high  or  low  level  occurs  in  the 
equilibrator ,  the  corrections  for  elevation  and  azimuth  will  require 
increased  effort  which  will  prompt  the  gunners  to  replenish  oil.  In  the 
case  of  the  recoil  system,  extremely  low  oil  will  result  in  the  gun 
failing  to  return  all  the  way  to  battery  which  will  be  apparent  to  the 
crew.  The  system  is  safe  for  firing  maximum  zone  charges  from  the  load 
position.  If  the  oil  pressure  is  so  low  that  the  cannon  does  not  return 
to  the  load  position  then  it  will  be  impossible  to  load  the  next  round. 
Thus  the  degradation  caused  by  low  oil  will  be  gradual,  visible  and 
safe . 

Thermal  relief  valves  will  relieve  pressure  increases  due  to  thermal 
expansion  for  any  locked  portion  of  the  system. 

All  hydraulic  valves  require  motion  in  two  directions  in  order  to 
activate.  The  valves  must  be  pushed  downward  to  unlatch  and  then  to  the 
s:de  to  activate.  This  is  done  to  protect  against  an  inadvertent 
activation  caused  by  grabbing  or  bumping  into  a  valve.  The  effectiveness 
of  this  action  should  be  evaluated  in  the  test  program. 

-.0  OPERATION 

Thus  paragraph  gives  an  operational  description  of  deployment,  emplace¬ 
ment,  firing,  speed  shift,  vulnerability  and  displacement. 

-  .  1  Depl oymer.t 

The  :.7H0  with  four  wheels  and  hydraulic  suspension  provides  better  towing 
stability  than  the  For  highway  safety,  stop,  tail,  and  side  marker 

per  FV7SS  108  should  be  provided  which  are  easily  detached  for  fieid 
maneuvers  to  prevent  damage.  A  Kevlar  rope  is  used  as  a  safety  chain  for 
-owing.  The  spade  erfect.velv  acts  as  a  road  wheel  mud  flap. 


The  LTHD  height  is  minimized  for  LAPES,  specifically  from  the  C130,  to 
clear  the  top  of  the  exit  door  during  parachute  extraction. 

4.2  Emplacement 


Positioning  the  LTHD  requires  a  smaller  area  than  conventional  howitzers 
due  to  the  configuration's  capability  to  focus  the  firing  forces  into  an 
integral  platform  and  central  spades.  The  additional  ground  contact  area 
of  the  forward  trails  combined  with  the  ability  to  retract  the  spade, 
simplify  emplacement  in  rocky  terrain. 

The  emplacement  procedure  consists  of  the  following  steps  which  can  be 
performed  by  a  crew  of  four  without  any  special  skill  or  ability  and  with 
minimum  training. 

1.  Check  for  minimum  hydraulic  pressure,  pump  up  if  necessary. 

2.  Disconnect  highway  lights. 

3.  Lower  front  wheels  so  that  the  howitzer  is  supported  only  on 
the  front  wheels.  This  shifts  the  balance  of  the  gun  so  that 
the  lunette  load  is  reduced  and  the  crew  will  be  able  to  lift 
the  lunette. 

4.  Unlock  the  lunette  and  raise  above  the  pintle. 

5.  Drive  the  truck  forward. 

6.  Lower  the  lunette  to  the  ground. 

7.  First  raise  the  rear  wheels  into  the  trails  then  raise  the 
front  wheels.  As  the  front  wheels  are  raised,  the  howitzer 
will  be  lowered  fully  to  the  ground.  Both  sides  of  the 
howitzer  must  operate  together  to  keep  the  gun  level. 

8.  Unlock  both  trails  from  the  cradle. 

9.  Elevate  the  trails. 

10.  Spread  the  trails  fully  to  their  stops.  If  the  trails  are  not 
fully  spread,  there  is  no  safety  hazard.  A  narrow 
configuration  may  be  desired  for  firing  from  a  roadway. 

11.  Pin  the  trails  to  the  platform. 

12.  Lower  the  trails  to  the  ground. 

13.  Release  the  barrel  travel  locks. 

14.  Extend  the  cannon  to  the  load  position  using  the  hydraulic 
controls. 


15.  Equilibrate  the  barrel. 

16.  Adjust  equilibration  pressure 
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17.  Elevate  the  barrel  to  300  mils  using  the  hydraulic  controls. 

If  below-zero  QE  firing  is  required,  a  trench  must  be  dug,  or  the  lunette 
will  hit  the  ground.  The  maximum  trench  depth  is  32  inches  on  level 
ground.  This  is  a  result  of  the  reduced  trunnion  height,  a  necessity  for 
stability.  If  the  trench  is  not  deep  enough  and  the  LTHD  is  fired,  the 
lunette  mounted  on  the  muzzle  brake,  being  the  low  point,  will  dig  a 
trench.  The  recoil  accumulators  (mounted  beneath  the  slide  tubes  for 
protection)  do  not  recoil  and  will  not  be  damaged  if  the  trench  is  of 
insufficient  depth. 

4.3  Firing 

The  LTHD  crew  positions  are  shown  in  figure  1.  Locating  the  trunnion 
behind  the  breech  at  full  recoil  enables  the  section  chief  position  to  be 
at  the  focal  point  of  operations.  From  this  position,  the  section  chief 
can  see  all  personnel,  check  the  fuze  settings  as  the  projectiles  enter 
the  load  tray,  see  the  prescribed  tube  lay,  and  observe  the  status  of  the 
cannon  relative  to  the  prescribed  tube  lay.  In  addition,  all  personnel 
are  further  from  the  muzzle  brake  than  the  M198  layout  permits,  which 
results  in  a  reduction  of  the  theoretical  blast  overpressure  to  which  the 
crew  is  exposed. 

The  LTHD  employs  a  load  tray  to  facilitate  mechanical  breech  access.  The 
load  tray  has  an  important  safety  advantage  by  keeping  the  crew  away  from 
the  recoiling  mechanisms  and  breech  area  both  of  which  are  sources  of 
accidents  in  the  M198.  The  ram  cycle  for  the  projectile  is  controlled  by 
hydraulic  command  from  cannoneer  #1  and  there  is  a  hazard  if  rams  while 
his  hand  is  in  the  breech.  It  is  very  important  that  this  control 
requires  both  of  his  hands  for  activation.  This  will  ensure  that  he  does 
not  inadvertently  ram  the  projectile  while  his  hand  is  still  in  the 
chamber  for  swabbing  or  other  unplanned  reasons.  This  control  should 
require  two  buttons  which  are  spaced  far  enough  apart  that  he  cannot 
activate  them  with  one  hand  or  arm. 

It  is  possible  that  the  hydraulic  ram  will  not  firmly  seat  the  projectile 
due  to  low  oil  pressure,  cold  oil  or  projectile  ballotting  at  the  entry 
to  the  forcing  cone.  If  the  projectile  falls  back  immediately  with  the 
retraction  of  the  load  tray  the  situation  will  be  obvious.  If  the 
projectile  falls  back  after  the  breech  is  closed  there  may  be  minor 
damage  to  the  forcing  cone  and  lands.  This  is  not  a  serious  hazarc  and 
can  be  monitored  during  test. 

The  LTHD  is  not  equipped  with  a  thermal  warning  device  and  it  is  not 
anticipated  that  the  demonstrator  would  be  subjected  to  extreme  barrel 
heating.  Only  one  set  of  misfire  procedures  is  given.  It  is  anticipated 
the  production  model  would  have  a  temperature  indicator  and  procedures 
similar  to  the  M198  would  be  used.  The  procedures  for  loading  and 
firing,  as  well  as  for  handling  malfunctions,  is  shown  below. 

4.3.1  Loading  and  Firing 

1.  Upon  completion  of  the  last  counter  recoil  cycle  or  the 

beginning  of  a  new  firing  sequence,  cannoneer  #1  opens  the 
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breech  by  hydraulic  command. 

If  necessary,  the  chamber  is  swabbed. 

Load  the  projectile  on  the  tray. 

Ram  the  projectile  using  hydraulic  control. 

Cannoneer  #1  inserts  the  propellant  into  the  chamber. 

Close  the  breech  by  hydraulic  command. 

Advance  the  barrel  fully  to  the  battery  position. 

Load  a  fresh  primer. 

Fire  upon  command,  either  with  hydraulic  control  or  with  the 
lanyard . 
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NOTE:  The  M198  is  provided  with  a  temperature  indicator.  However,  the 

demonstrator  is  not  provided  with  one.  In  the  following  procedures 
it  will  be  assumed  that  the  barrel  is  cool,  below  170°F.  If  the 
barrel  is  too  hot  to  touch  by  hand,  stop  firing  and  allow  the 
barrel  to  cool  down. 


4.3.2  Misfires 

w 

1. 

Attempt  to  fire  two  more  times. 

1 

2. 

If  there  is  no  recoil,  keep  the  howitzer  on  target,  and  wait 
two  minutes. 

$ 

3. 

Cycle  the  primer  inserter.  Be  careful  to  stay  away  from 
primer  vent  hole  as  a  sticker  will  release  a  hot  gas  jet.  If 

VJ\ 

E$ 

there  is  a  gas  jet  it  indicates  a  sticker.  See  the  procedure 
for  stickers. 

A 

4. 

Remove  the  primer  magazine  and  inspect  the  primer.  If  the 
primer  has  been  fired  it  indicates  a  hangfire  condition.  See 

the  procedure  for  hangfires. 


5.  If  the  mechanism  appears  to  be  working  satisfactorily  but  the 
primer  did  not  fire,  replace  the  primer  magazine  to  the  primer 
inserter,  insert  a  new  primer  and  fire  again. 

6.  If  the  mechanism  is  not  working  properly,  repair  it. 

7.  Resume  load-fire  process  at  Step  8,  insert  fresh  primer. 

9.3.3  Hangfires 

1.  Wait  three  minutes  from  the  last  attempt  to  fire. 

2.  Replace  the  charge  and  primer  and  resume  load-fire  process 
from  the  top 

4.3.9  Stickers 

1 .  Wait  two  minutes 


i 

J 


2. 

3. 


Combustion  chamber  is  vented  by  removing  the  primer.  Be 
careful  to  stay  away  from  the  hot  gas  jet. 

Tube  is  depressed 

Breech  is  opened  hydraulically. 

Projectile  is  removed  (unless  plan  is  Larger  Charge) 
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6. 


Tube  is  elevated 


7.  Load-Fire  process  is  resumed 

A.  With  new  projectile,  Step  3  (load  projectile) 


B.  With  larger  charge,  Step  5  (load  propellant) 
.  3 . 5  Cookoff 


A  temperature  indicator  and  hot  tube  cookoff  procedures  are  not  provided 
with  this  demonstrator.  If  the  tube  is  too  hot  to  touch  by  hand,  allow  it 
to  cool  before  loading  the  round.  Cook  off  is  not  a  problem  with  a  cool 
tube.  Treat  as  misfire,  hang  fire  or  sticker. 

u.u  Speed  Shifting 

Speed  shift  (3  minutes  with  crew  of  4) 

1 .  Move  swab  &  bucket . 

2.  Traverse  to  0  mils,  depress  to  300  mils. 

3.  Lower  speedshift  assy. 

4.  Put  cannon  weight  on  the  speedshift  assembly  by  raising  the 
trails. 

5.  Lower  the  rear  wheels,  thus  pulling  the  spade  up  out  of  the 
ground . 

6.  Rotate  the  howitzer  to  its  new  heading  by  pivoting  about  the 
speedshift  assembly  and  rolling  on  the  rear  wheels. 

7.  Raise  the  rear  wheels. 

8.  Lower  the  trails  to  the  ground. 

9.  Equilibrate  the  barrel. 

10.  Elevate  the  barrel  using  the  hydraulic  system. 

11.  Raise  the  speedshift  assembly. 

12.  Retrieve  the  swab  and  bucket. 

4.5  Vulnerability  to  Aerial  bursts 

The  LTHD  minimizes  'vulnerability  to  aerial  bursts  to  improve  surviv¬ 
ability  through  component  placement  and  the  selective  use  of  armor  by  the 
fol lowing : 

1.  Designing  the  recoil  cylinders  so  dynamic  sealing  surfaces  do 
not  interface  with  the  outside  wall.  (Instead,  the  inside  of 
the  outer  cylinder  provides  the  orifice  function).  The  preci¬ 
sion  surfaces  are  buried  deeper  within  the  assembly. 
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2.  Providing  a  protective  shroud  for  the  upper  recoil  cylinder 
rod  to  protect  it  during  the  3-second  recoi 1 /counterrecoi 1 
cycle . 

3.  Providing  a  protective  shroud  for  the  elevation  cylinder  to 
protect  its  rod  surface. 

4.  Accumulators  are  housed  within  and  protected  by  the  torque 
tube . 

4.6  Displacement 

The  displacement  procedure  is  essentially  the  reverse  of  the  emplacement 

procedure . 

5.0  Summary  of  Results 

This  PHA  considered  each  of  the  hazard  sources  listed  on  the  PHa 

worksheet.  A  breakdown  of  the  hazard  categories  is  as  follows: 


HAZARD 

NUMBER 

Category 

I,  Catastrophic 

27 

Category 

II,  Critical 

14 

Category 

III,  Marginal 

5 

Category 

IV,  Negligible 

0 

Note:  In  some  cases,  there  are  more  than  one  hazard  per  item.  This 

results  in  more  hazards  than  total  items.  In  addition,  in  cases 
where  there  are  more  than  one  risk  assessment  indicated;  e.g.,  IC 
to  I IB ,  then  the  worst  case  assessment  was  assumed. 

Recommended  actions  noted  in  block  7  of  the  PHA  worksheet  are  being 
analyzed  by  the  designers  for  incorporation  into  the  final  concept.  An 
analysis  of  block  8  (Effects  of  Recommended  Actions)  in  the  PHA  worksheet 
shows  that  all  Category  I  risks  can  either  be  downgraded  or  the  frequency 
of  their  occurrence  can  be  reduced  to  a  point  where  there  are  no  major 
safety  hazards  in  the  system. 

In  the  Category  I  hazards,  after  the  applications  of  preventative 
measures,  none  are  rated  to  occur  at  probability  level  A,  frequent;  B, 
probable;  or  C,  occasional. 

six  category  1  items  are  rated  to  occur  at  "D"  level  probability;  :.e., 
remote.  They  involve  barrel  rupture,  NBC  decontamination,  vehicle 
collisions,  crew  runovers,  lapes  damage  and  ballistic  errors.  In  ail 
cases  the  LTHD  is  judged  to  be  equal  to  or  better  than  the  M198. 

The  remainder  of  the  category  I  items  are  rated  as  improbable,  category, 
"E" . 
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ATTACHMENT  1 


ACCIDENT-RISK  FACTOR  MATRIX 

PRODUCT  SHIP/  SET-  TRAIN  OPERATION  GROUND  AIR 

PHASE  STORE  UP  TRANS.  TRS . 


ENERGY  SOURCES 


ELECTRICAL 


X 


CHEMICAL 


PROPELLANT  XXX 

PROJECTILE  X 

COMPOSITES  X 

NBC 

FLUIDS 


X 

X 

X 

X 


X  X 

X  X 


PRESSURE 


HYDRAULIC 

FIRING 

NOISE 


X 

X 

X 


KINETIC 


TRANSPORT 

RECOIL 

BREECH 

BALLISTIC 


X 

X 

X 


POTENTIAL 

GUN  MASS  XX  X  X  X 

CREW  POSITION  X  X 


MAINT 

ENANC 


X 


X 

X 
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TABLE  1  -  LTHD  SYSTEM  RELIABILITY  PREDICTION  AND  ALLOCATION  (AS  OF  1B-FEB-1987) 


SUBSYSTEM 

MEAN  ROUNDS  BETWEEN  FAILURES  (MRBF) 

(ROUNDS) 

BARIC 

(F3)  PREDICTION 

MISSION  CRITICAL 
(FI)  PREDICTION 

MISSION  CRITICAL 
(FI)  ALLOCATION 

1.0  CANNON 

11,619 

1 

26,245  19,287 

1 

2.0  CARRIAGE 

980 

1 

3,183  2,339 

1 

3.0  FIRE  CONTROL 

708 

1 

5,697  4,180 

1 

LTHD  SYSTEM 

397 

1 

1,904  1,100 

1  (REQUIREMENT) 

1 

f  C-”'1 


» 


$ 


RELIABILITY  EQUATION 
1 

F3  MRBFsu  =  - 

. Z  (1/F3  MRBF » ) 


WHERE;  F3  MRBF,  =  BLOCK  F3  MEAN  ROUNDS  BETWEEN  FAILURES 

F3  MRBFbb  =  SUBSYSTEM  F3  MEAN  ROUNDS  BETWEEN  FAILURES 
n  =  NUMBER  OF  BLOCKS  IN  THE  SUBSYSTEM 
F3  =  CORRECTIVE  MAINTENANCE  (ALL)  FAILURES 


tt 


F I GURE  1 


L T HD  CANNON  BASIC  RELIABILITY  BLDCI  DIAGRAM 
(AS  OF  2/18/07) 


m 


& 


& 


& 


* 

”> ' 


V.‘ 

y. 

V. 


,  «y 


‘MFiSg' 


EL OCX  PREDICTION 
F3  ffBF  iftNDS) 


BLOCK'  KEI'ICT.-ON 
FJ  IfBF  (ENDS) 


ELCCX  PREDICTION 
FT  fif  (SNE'5) 


block  «£i::’:oh 
::  fr?  -MB 


L' 


2.2.1 


I  2.3  61«A.  iF3  IMF  =  83.539  ROUNDS) 
2.3.1  2.3.2 


CRADLE/ TRAIL 
TIE-IN 


61MBA. 


bihbw. 

BEARIN6 


224,709 


260,415 


122,994 


2.5  WHEEL  (F3  MRBF  =  4,656  ROUNDS) 
2.5.2  2.5.3 


2.5.4 


BEAM 
H  ASSEMBLY 


NEEL 

ASSEMBLY 


mi 

SYSTEM 


48,474 


12,056 


10,277 


2.4  PLATFORM  iF3  *6F  =  93,985  RQUWIS) 
2.4.1  2.4.2 


PLATFORM 


PLATFGRM'TRAIL 

COMElTOR 


260,415 


147,061 


2.6  EQU1L1BRAT0RS  IF3  HRBF=133,483  RNDS) 

2.6.1  2.6.2 


EBUIL1ERATDR 

ACTUATOR 

IfXMTS 


EQUILIBRATOR 

CABLES 


284,840 


174,331 


2.5. 


PIN 

ASSE1CLY 


79,804 


SYSTEM 

HYDRAULICS 

(MISC) 


24,734 


-y  l 

1 

2.7  HYDRAULIC  (F3  MRBF  =  1,835  ROUNDS) 
2.7.2  2.7,3 

2.7.4 

2.7.5 

2.7.6 

2.7.7 

*  1 

| 

TRAVERSE 

ELEVATION 

EQUILIBRATION 

STORED 

CANON 

RECOIL  l  | 

I 

L 

HYDRAULICS 

HYDRAULICS 

HYDRAULICS 

PRESSURE 

POSITION 

CONTERRECOIL  [ 

_ 

HYDRAULICS 

HYDRAULICS 

HYDRAULICS 

20,984 


30,932 


15,768 


35,295 


123,390 


6,57t 


37,142 


50,C84 


44,861 


14,624 


56,598 


57,705 


20,113 


47,758 


135,081 


F  3  MRBF, 


RELIABILITY  EQUATION 
I 


n 


Z  < 1 /F3  MRBF. ) 
i=l 


WHERE;  F3  MRBF,  =  BLOCK  F3  MEAN  ROUNDS  BETWEEN  FAILURES 

F3  MRBFo,,  =  SUBSYSTEM  F3  MEAN  ROUNDS  BETWEEN  FAILURES 
n  =  NUMBER  OF  BLOCKS  IN  THE  SUBSYSTEM 
F  3  =  CORRECTIVE  MAINTENANCE  (ALL)  FAILURES 


F  I  CURE 


LTHD  CARRIAGE  BASIC  RELIABILITY  BlOL»  DIAGRAM 
(AS  UF  2MB/87) 


3.0  LTHD  FIRE  CONTROL  (F3  MRBF  =  70S  ROUNDS) 


1 

3.  1 

3.  2 

1 

■ 

ASSISTANT 

GUNNER  AND 
GUNNER  FC 

FIRE  CONTROL 
LINKAGE 

BLOCK  PREDICTION! 

F3  MRBF  (RNDS) 

I 

709 

659,278 

RELIABILITY  EQUATION 
1 

F3  MRBFsh  =  - 

. E  (1/F3  MRBF, ) 


WHERE;  F3  MRBF. 

F3  MRBFoa 
n 
F3 


BLOCK  F3  MEAN  ROUNDS  BETWEEN  FAILURES 
SUBSYSTEM  F3  MEAN  ROUNDS  BETWEEN  FAILURE5 
NUMBER  OF  BLOCKS  IN  THE  SUBSYSTEM 
CORRECTIVE  MAINTENANCE  (ALL)  FAILURES 


BASIL  RELIABILITY  BLOC)’  DIAGRAM 

2/ I8/B7) 


figure 


lthd  fire  CONTR^ 


.thd  s<sie*  re. (ability  predict  ion  workshfe'  ias  o*  is  e.' 


basic  (>5)  »!.  :a0:.;'<  prediction  T 

FAI.-jRE  RATE  BLOCK  I 


NOMENC.ATURE 


DuI’ZER  DEMONSTRATOR 


TUBE  ASSEMBLY 


’USE  ASSEMBLY 
TUBE 

COLLAR  SE' 

EXTRUSION  ra; 

KEY 

8C.T 

NUT 


MUZZLE  BRAKE 


MUZZLE  BRAKE 

MUZZlE  BRAKE 
KEY 

TRUST  COLLAR 


( FLR/nOUR 

10X  6)  * 

(KR/ROUND 
10x  &)•• 

MRBF 

l  m ds ) 

DATA  SOURCE 

1  ;  ’  ,  f  3  :  * 

1 

1 

.  *>  R  J..  *. 

’  f *  t  . 

Mi.  -  • 

2517.875 

397 

c-,  v  1 

86.064 

11619 

X  Q  *  ~  X 

»  J  ^  - 

16.965 

58945 

i  • .  -g- 

89m..  r 

16.965 

58945 

1  • . 18" 

56.779 

56.779 

10.902 

Ml 98  DATA 

0.95 

10.35' 

2.000 

10.000 

1.920 

ESTIMA1E 

0.20 

C  .  38- 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

C.0'7 

0.946 

18.920 

3.633 

Ml 98  DATA 

0. 1C 

C .  3t3 

0.011 

0.440 

0.084 

CAT  FAE  PRED 

N.C. 

N.C. 

0.011 

0.220 

0.042 

CAT  FAE  PRED 

N.C. 

N.C. 

4.199 

238126 

o.b*: 

■  %:.;32 

4.199 

238126 

C.840 

1190632 

18.926 

18.926 

3.634 

M198  DATA 

0.20 

0.727 

0.946 

0.946 

0.182 

Ml 98  DATA 

0.20 

0.036 

2.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

39.820  25113 


3.1 

BREECH 

5  73? 

5816 

5788 

6022-005 

BREECH 

BAND  (OUTER  BREECH) 
BANO  (INNER  BREECH) 
KEY 

CLAMP 

bolt 

4 

PRIMER  AUTOLOADER 

5302 

PRIMER  AUTOLOADER 

A 

CARRIAGE 

39.820 

121.704 

121.704 

23.367 

37.850 

37.850 

7.267 

37.850 

37.850 

7.267 

0.946 

1.892 

0.363 

261.240  261.240  50.158 


1020.35 


Ml  09  DATA 
M198  DATA 
M198  DATA 
M198  DATA 
ESTIMATE 
CAT  FAE  PRED 


ARROW  PRED*EST 


AD.  £ 

29.445 

33962 

AD.E 

18.169 

55038 

CRAD. 

F  ' 

*• 

9m 

631 

9m. 631 

18.169 

Ml  98  DATA 

EE  DS" 

11.276 

8868' 

BRA.* 

t  * 

3 

noc 

3  QC" 

r .  6  > 

£  S’  i MA! f 

:ra:  .. 

l 

f  C  D 

C  6 00 

C  D9*. 

e  v  :**A’t 

G ;  «BF 

.  MCX.N'  3 

?r  ; 

C .  60 C 

C  .  *  " 

?  s’ :ma’* 

g:mbf 

<,  V  f  *  r  r.  *•  *  *  ’ 

* 

DD 

.  -A 

C  190 

f  < *  “A’; 

l  '  s» 

* 

3C.r. 

’  '■‘C' 

*  3mm 

E  S’  ’*»*•* 

.oc« 

s  C 

C  *’ 

f S' 

a 


i 

k’i 

'**j 


I 

♦Si 


r2  .v  * 
:1 


a 


V? 


S’S’E*  RE-IABILIT*  PREDIC’IDR  WORKSHEET  (AS  C>  18  Feb  87  ) 


R  $ 

B.r; 

CJC  : 

PAS’ 

Em  ^ 

li3MEIi:.«^S[ 


sic  (T5)  reliability  pred i zt s o*. 

FAUURE  RATE  BLOCK 

(Flr/hour  (FlR/round  mrbf 
10X  6)  •  10X  6)**  ( rnds ) 


e>:  *  3 

sps:so 

i 

2.310 

2.310 

0.444 

6::: 

BCc  ’ 

1 1 

0.011 

0.121 

0.023 

* 

6?:t 

NU? 

8 

0.011 

0.088 

0.017 

S  ” . 

hj'  (speeds*: pt  p;vct) 

2 

1.000 

2.000 

0.384 

6CC5 

WASHES 

8 

0.002 

0.016 

0.003 

633  ' 

PI*i 

8 

0.374 

2.992 

0.574 

am 

6CC6 

B£ar  ;»iS 

4 

3.790 

15.16C 

2.911 

vw 

> 

5  77.,5  ’7N 

Bjsnmc  c:s*  > 

2 

4.57C 

9.140 

1.755 

58-1,589' 

UPPER  ’RAIL 

2 

40.650 

81.300 

15.610 

' 

53-2,5393 

LOWER  REAR  TRAIL 

2 

20.320 

40.640 

7.803 

5843,5399 

LOWER  ERORT  TRAIL 

2 

30.480 

60.960 

11.704 

58-5 

FROR*  BULKHEAD 

2 

4.060 

8.120 

1.559 

58-6 

UHEE-  BULKHEAD 

2 

4.060 

8.120 

1.559 

| 

593’ 

MIDCLE  BULKHEAD 

2 

4.060 

8.120 

1.559 

1 

5932 

REAR  BULKHEAD 

2 

4.060 

8.120 

1.559 

<t 

5933,593- 

LATTICE 

24 
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5903-002 

PUMP  CONTROL  VALVE 

2 

9.950 

19.900 

3.821 

NPRD-3+ESTIMATE 

0.60 

2.?>r  . 

;  •  -.  .  . 

QUICK-DISCONNECT  CHECK  VLV 

2 

10.436 

20.872 

4.007 

RADC  (NPRD-3) 

0.50 

: . : .  ■ , 

5903  003 

SAFETY  RELIEF  VALVE 

1 

1.714 

1.714 

0.329 

RADC  (NPRD-3) 

0.50 

'  3  *  ! 

& 

HOSE  AND  COUPLING 

3 

1.952 

5.856 

1.124 

RADC  (NPRD  3) 

0.35 

G 

PIPING  AND  FITTINGS 

18 

1.765 

31.770 

6.100 

RADC  (NPRD-3) 

0.35 

*  «  t  : 

* 

’•  •  * 

2.7.2 

TRAVERSE  HYDRAULICS 

47.656 

20984 

1 .  - 

lv 

5904,5905 

CANNON  LAY  TRAVERSE  VALVE 

4 

9.950 

39.800 

7.642 

NPRD-3«ESTIMATE 

C.60 

%  1  - 

* 

5904,5905 

HYDRAUL I C  JOYSTICK 

2 

21.240 

42.480 

8.156 

RADC  (NPRD  3) 

0.3: 

-  : 

5920 

TRAVERSE  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-  3-*- E S T  IMAT  E 

C 

- 

.... 

TRAVERSE  BEAR  LOC 

1 

23.446 

23.446 

4.502 

NPRD  3  ♦  AVCO 

1  C  ** 1 

,  ■ 

■ 

.... 

INTENSI FIER  (BEAR  LOCK) 

1 

5.500 

5.500 

1.056 

NPRD-3*EST:ma-£ 

:  *.■ 

1  .... 

EMERGENCY  ZERK??????? 

1 

10.436 

10.436 

2.004 

RADC  (NPRD  3: 

w  ; 

4 

5714 

TRAVERSE  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD  3 

. 

.... 

SLIP  RING 

1 

_ 49.879 

49.879 

9.577 

NPRD  -  3*E  S  *  :«f: 

vIS 

.... 

PIPING  AND  FITTINGS 

9 

1.765 

15.885 

3.050 

RADC  (4PR:  ' 

£> 

6007-006 

PIN 

1 

0.374 

0.374 

0.072 

I 

AVCC 

9 

2.7.3 

ELEVATION  HYDRAULICS 

32.329 

30932 

5904,5905 

CANNON  LAY  ELEVATION  VALVE 

4 

9.950 

39.800 

7.642 

5919 

ELEVATION  VALVE 

1 

9.950 

9.950 

1.910 

kit:  -- 

5716 

ELEVATION  ACTUATOR 

1 

50.459 

50.459 

9.688 

s  a:  «.•  * 

.... 

SUP  RING 

1 

49.879 

49.879 

9.5’’ 

«*•  M  *• 

.... 

PIPING  AND  FITTINGS 

8 

1.765 

14.120 

2.7” 

►  A  k  ■ 

6007-009 

PIN 

1 

0.374 

0.374 

c  :  x 

A  . 

V"_  < 

6006-013 

BEARING 

1 

3.790 

3.79C 

•r  \ « 

» 

6005-011 

WASHER 

2 

C.0C2 

n .  :• 

6017-001 

X-WASHER 

2 

0 . 0C2 

c  x- 

’  •■" 

2.7.4 

EQUILIBRATION  HYDRAUL  XS 

i 

5893 

EQUILIBRATION  PRESSURE  - . . 

;  .< 

>,v 

5892 

EQUILIBRATION  VA.vE  ON  . :  • 

* 

h  •  » 

1  A  * 

59'5 

INTENS  l  HER  (0X6. t  F SI  f  ■ 

’ 

tAu 

5720  002 

EQUI L I 9RA’ !CN  AC : JM.  4- 

5712,57-3 

EOu:  L  !  8RAT  :  ON  A  ;  *  X  *  ■.* 

.  .  . 

IN’ENSI f IER  ' Rl At  .  » 

E . E  *  A  ’  1  ON  be  *6  . 

r> 

£  M  £  s  z  5  w  |  *  ’f  fci 

'  ?  >  *f  f ; 


f  S'  ‘  *»  .  At.  s 

-  '  f, '  AW  i  v 

i 
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LTHO  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  18-Feb-87  ) 


BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE  OTY 

BASIC  (F3)  RELIABILITY  PREDICTION 
FAILURE  RATE  BLOCK 

(FLR/HOUR  ( FLR/ROUND  MRBF 

10X-6)  *  10X-6)**  (rnds) 

DATA  SOURCE 

MISSION  CRITICAL 
FLR  RATE 

F1/F3  (FLR/ROUND 
10X-6) 

(FI)  PRED 
BLOCK 
MRBF 
(rounds) 

5894,5900 

PRESSURE  GAGE 

2 

7.180 

14.360 

2.757 

RADC  (NPRD-3) 

0.05 

0.138 

5720  003 

RESERVOIR  ACCUMULATOR 

1 

55.045 

55.045 

10.569 

RADC  (NPRD-3) 

0.30 

3.171 

5900- 

VALVE  (ON/OFF) 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.20 

0.382 

.... 

PILOT  OPER  CHCK  VLV  U  SEAL 

1 

16.130 

16.130 

3.097 

NPRD-3+ESTIHATE 

0.40 

1.239 

.... 

HYDRAULIC  FILTER 

1 

2.977 

2.977 

0.572 

RADC  (NPRD-3) 

0.30 

0.171 

.... 

CHECK  VALVE  (FILTER) 

2 

8.423 

16.846 

3.234 

RADC  (NPRD-3) 

0.50 

1.617 

.... 

PIPING  AND  FITTINGS 

7 

1.765 

12.355 

2.372 

RADC  (NPRD-3) 

0.35 

0.830 

2.7.6 

CANNON  POSITION  HYDRAULICS 

8.104 

123390 

3.624 

275951 

5895 

CANNON  POSITION  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

.... 

PILOT  OPER  CHCK  VLV  U  SEAL 

2 

16.130 

32.260 

6.194 

NPRD-3+ESTIMATE 

0.40 

2.478 

2.7.7 

RECOIL  t  C* RECOIL  HYDRAULICS 

152.061 

6576 

63.405 

15772 

5710-555 

RECOIL  CYLINDER 

2 

152.132 

304.264 

'58.419 

Ml 09  DATA 

0.45 

26.289 

5710-315 

C"  RECOIL  CYLINDER 

1 

152.132 

152.132 

29.210 

M109  DATA 

0.45 

13.144 

5710-310 

ENERGY  STORAGE  CYLINDER 

1 

152.132 

152.132 

29.210 

Ml 09  DATA 

0.45 

13.144 

5718,5719  C>  RECOIL  ACCUMULATOR 

2 

55.045 

110.090 

21.137 

RADC  (NPRD-3) 

0.30 

6.341 

5912 

CHECK  VALVE 

3 

8.423 

25.269 

4.852 

RADC  (NPRD-3) 

0.50 

2.426 

5913 

RELIEF  VALVE 

1 

1.714 

1.714 

0.329 

RADC  (NPRD-3) 

0.50 

0.165 

5914 

PRESSURE  REDUCING  VALVE 

1 

1.714 

1.714 

0.329 

RADC  (NPRD-3) 

0.50 

0.165 

5916 

CIRCUIT  BREAKER 

1 

10.733 

10.733 

2.061 

NPRD-3  ♦  AVCO 

N.C. 

N.C. 

5916 

ORIFICE 

1 

7.180 

7.180 

1.379 

RADC  (NPRD-3) 

N.C. 

N.C. 

5947 

ROO/PISTON  (RECOIL) 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.45 

0.173 

5948 

ROO/PISTON  (C'RECOIL) 

2 

2.050 

4.100 

0.787 

NPRD-3+ESTIMATE 

0.45 

0.354 

5949 

ORIFICE  ROD 

2 

2.150 

4.300 

0.826 

NPRD-3+ESTIMATE 

0.45 

0.372 

5950 

GUIDE  ROO 

2 

2.150 

4.300 

0.826 

NPRD-3+ESTIMATE 

0.45 

0.372 

5951 

END  CAP 

8 

1.000 

8.000 

1.536 

ESTIMATE 

0.20 

0.307 

5952 

WASHER  (END  CAP) 

4 

0.002 

0.008 

0.002 

CATFAE  PRED 

0.20 

0.000 

5954 

COLLAR  (END  CAP) 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.20 

0.154 

5955 

NUT  (END  CAP) 

4 

0.011 

0.044 

0.008 

CATFAE  PRED 

0.05 

0.000 

2.7.8 

BREECH  HYDRAULICS 

26.924 

37142 

13.057 

76589 

5900-001 

BREECH  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5725 

BREECH  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

.... 

ACTUATOR  CONTROL  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

.... 

CHECK  VALVE 

1 

8.423 

8.423 

1.617 

RADC  (NPRD-3) 

0.50 

0.809 

5922 

PILOT  OPER  CTRL  FLOW  VALVE 

2 

24.553 

49.106 

9.428 

NPRD - 3+EST I MATE 

0.45 

4.243 

.... 

PIPING  AND  FITTINGS 

4 

1.765 

7.060 

1.356 

RADC  (NPRD-3) 

0.35 

0.474 

.... 

HOSE  AND  COUPLING 

2 

1.952 

3.904 

0.750 

RADC  (NPRD-3) 

0.35 

0.262 

.... 

LINK 

1 

1.000 

1.000 

0.192 

ESTIMATE 

0.50 

0.096 

5725 

PIN 

1 

0.374 

0.374 

0.072 

AVCO 

0.50 

0.036 

2.7.9 

INERTIAL  RAMMING  HYDRAULICS 

19.967 

50084 

10.140 

98618 

5900-002 

VALVE  (RAM/RETRACT/CREEP) 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5902- 

DEINTENSIFIER 

1 

36.750 

36.750 

7.056 

ESTIMATE 

0.55 

3.881 

.... 

AIR  FILTER 

1 

3.303 

3.303 

0.634 

RADC  (NPRD-3) 

0.05 

0.032 

5729 

RAMMER  POSITION  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

.... 

PIPING  AND  FITTINGS 

2 

1.765 

3.530 

0.678 

RADC  (NPRD-3) 

0.35 

0.237 

2.7.10 

LOAD  POSITION  HYDRAULICS 

22.291 

44861 

10.998 

90929 

5900-003 

VALVE  (BATTERY/LOAD) 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5728 

LOAD  POSITION  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

5921 

PILOT  OPER  CHCK  VLV  W  SEAL 

2 

16.130 

32.260 

6.194 

NPRD -3+E ST  I MATE 

0.40 

2.478 

5917 

BATTERY  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5918 

LOAD  POSITION  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.6L 

1.146 

.... 

PIPING  AND  FITTINGS 

2 

1.765 

3.530 

0.678 

RADC  (NPRD-3) 

0.35 

0.237 

2.7.11 

WHEEL  HYDRAULICS 

68.380 

14624 

32.464 

30804 

5910 

WHEEL  HYDRAULIC  VALVE 

8 

9.950 

79.600 

15.283 

NPRD-3+ESTIMATE 

0.60 

9.170 

5721-5722 

WHEEL  ACTUATOR 

4 

50.459 

201.836 

38.753 

RADC  (NPRD-3) 

0.50 

19.376 

(•)  FAILURE  PER  MILLION  HOURS  •  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  ( 

**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FACTOR 

«*» 


Vj  »'  1 


B 

PAGE  7 


LTHO  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  18-Feb-87  ) 


1  BLOCK 
COOE/ 

1  PART 
NUMBER 

NOMENCLATURE 

OTY 

BASIC  (F3)  RELIABILITY  PREDICTION 
FAILURE  RATE  BLOCK 

(FLR/HOUR  ( FLR/ROUNO  MRBF 

10X-6)  *  10X-6)**  (rnds) 

DATA  SOURCE 

MISSION  CRITICAL 
FLR  RATE 
F1/F3  (FLR/ROUND 
10X-6) 

(FI)  PRED 
BLOCK 
MRBF 
(rounds) 

.... 

LINKAGE  (WHEEL  ACT  VALVE) 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.50 

0.384 

.... 

BURST  PLUG 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.50 

0.384 

5903-001 

CIRCUIT  BREAKER 

2 

10.733 

21.466 

4.121 

NPRD-3  +  AVCO 

N.C. 

N.C. 

.... 

HOSE  AND  COUPLING 

14 

1.952 

27.328 

5.247 

RADC  (NPRD-3) 

0.35 

1.836 

.... 

PIPING  AND  FITTINGS 

8 

1.765 

14.120 

2.711 

RADC  (NPRD-3) 

0.35 

0.949 

.... 

PIN  JOINT 

8 

0.374 

2.992 

0.574 

AVCO 

0.50 

0.287 

.... 

RETAINING  RING 

8 

0.100 

0.800 

0.154 

ESTIMATE 

0.50 

0.077 

2.7.12 

PRIMER  HYDRAULICS 

17.668 

56598 

8.586 

116466 

5900-004 

PRIMER  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5726 

PRIMER  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

5922 

PILOT  OPER  CTRL  FLOW  VALVE 

1 

24.553 

24.553 

4.714 

NPRD-3+ESTIMATE 

0.45 

2.121 

.... 

PIPING  AND  FITTINGS 

4 

1.765 

7.060 

1.356 

RADC  (NPRD-3) 

0.35 

0.474 

2.7.13 

LANYARD  HYDRAULICS 

17.329 

57705 

8.468 

118098 

5900-005 

LANYARD  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5727 

PRIMER  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

5922 

PILOT  OPER  CTRL  FLOW  VALVE 

1 

24.553 

24.553 

4.714 

NPRD-3+ESTIMATE 

0.45 

2.121 

.... 

PIPING  AND  FITTINGS 

3 

1.765 

5.295 

1.017 

RADC  (NPRD-3) 

0.35 

0.356 

2.8 

LOAD  TRAY 

70.658 

14153 

17.907 

55843 

2.8.1 

LOAD  TRAY 

49.719 

20113 

10.037 

99635 

5867 

LOAD  TRAY 

1 

20.284 

20.284 

3.895 

M109  DATA 

0.20 

0.779 

BARS 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

CLEVIS 

3 

3.800 

11.400 

2.189 

CATFAE  PRED 

0.20 

0.438 

ROLLER  HOUSING  (FIXED) 

1 

3.000 

3.000 

0.576 

ESTIMATE 

0.20 

0.115 

TIE  BAR 

2 

5.000 

10.000 

1.920 

ESTIMATE 

0.20 

0.384 

TROLLY  SUPPORT 

4 

5.000 

20.000 

3.840 

ESTIMATE 

0.20 

0.768 

ROLLER  HOUSING  (PIVOTING) 

4 

3.000 

12.000 

2.304 

ESTIMATE 

0.20 

0.461 

6002- 

BOLT 

125 

0.011 

1.375 

0.264 

CATFAE  PRED 

N.C. 

N.C. 

6003- 

NUT 

211 

0.011 

2.321 

0.446 

CATFAE  PRED 

N.C. 

N.C. 

6005- 

WASHER 

546 

0.002 

1.092 

0.210 

CATFAE  PRED 

N.C. 

N.C. 

5927 

TRACK  (REAR) 

1 

22.312 

22.312 

4.284 

M109  DATA  ♦  EST 

0.20 

0.857 

5928 

GUIDE  (REAR  TRACK) 

2 

22.312 

44.624 

8.568 

M109  DATA  +  EST 

0.20 

1.714 

5926 

TRACK  (CENTER) 

1 

22.312 

22.312 

4.284 

Ml 09  DATA  +  EST 

0.20 

0.857 

5925 

TRACK  (FORWARD) 

1 

22.312 

22.312 

4.284 

Ml 09  DATA  ♦  EST 

0.20 

0.857 

5888 

HINGE  (BRACKET  INNER) 

4 

3.800 

15.200 

2.918 

ESTIMATE 

0.20 

0.584 

5889 

HINGE  (BRACKET  OUTER) 

4 

3.800 

15.200 

2.918 

ESTIMATE 

0.20 

0.584 

5929,5930, 

BAR  (TRACK  SUPPORT) 

3 

1.000 

3.000 

0.576 

ESTIMATE 

0.20 

0.115 

5940 

5939 

BRACKET (REAR  TRACK  ROLLER) 

4 

0.264 

1.056 

0.203 

AVCO 

0.20 

0.041 

5887 

ROLLER 

28 

0.442 

12.376 

2.376 

NPRD-3  ♦  AVCO 

0.40 

0.950 

5868 

WEARSTRIP 

3 

1.000 

3.000 

0.576 

ESTIMATE 

0.05 

0.029 

5869 

BACKSTOP  (PROJECTILE) 

1 

2.000 

2.000 

0.384 

ESTIMATE 

0.10 

0.038 

5870 

STRIP 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.05 

0.019 

5871 

BRACKET 

2 

0.264 

0.528 

0.101 

AVCO 

0.20 

0.020 

6006-015 

BUSHING 

2 

4.570 

9.140 

1.755 

RADC  (NPRD-3) 

0.20 

0.351 

6009- 

SCREW 

38 

0.011 

0.418 

0.080 

CATFAE  PRED 

N.C. 

N.C. 

2.8.2 

SHOCK  MOUNT 

20.939 

47758 

7.871 

127056 

5872,5873, 

BAR 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.20 

0.154 

5874 

5941 

PRIMARY  SHOCK 

2 

7.682 

15.364 

2.950 

RADC  (NPRD-3) 

0.50 

1.475 

5875 

BRACKET 

1 

0.264 

0.264 

0.051 

AVCO 

0.20 

0.010 

5942 

SHOCK  (MAN) 

1 

7.682 

7.682 

1.475 

RADC  (NPRD-3) 

0.5l 

0.737 

5878 

PAD  (PROJECTILE  STOP) 

1 

3.316 

3.316 

0.637 

RADC  (NPRD-3) 

0.20 

0.127 

6002- 

BOLT 

3 

0.011 

0.033 

0.006 

CATFAE  PRED 

0.20 

0.001 

6003- 

NUT 

7 

0.011 

0.077 

0.015 

CATFAE  PRED 

0.20 

0.003 

6005- 

WASHER 

2 

0.002 

0.004 

0.001 

CATFAE  PRED 

0.20 

0.000 

5879 

MOUNT  (PAD) 

1 

2.776 

2.776 

0.533 

RADC  (NPRD-3) 

0.20 

0.107 

5880 

CUSHION 

1 

3.316 

3.316 

0.637 

RADC  (NPRD-3) 

0.20 

0.127 

5881 

BAR  (PIN  PIVOT)  ?????? 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

(*)  FAILURE  PER  MILLION  HOURS  •  BASEO  ON  GROUND  M08ILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FACTOR 
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LTHD  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  18- Feb-87  > 


BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE 

QTY 

5877 

MOUNT  (PROJECTILE  STOP) 

1 

5876 

GUIDE  (SHOCK  MOUNT) 

4 

5882 

PIN  (PROJ  STOP  PAD) 

1 

6006- OH 

BUSHING 

2 

6010-004 

SNAP  RING 

2 

2.9 

SPADE 

2.9.1 

SPADE 

5820 

SPADE 

1 

6002-011 

BOLT  (SPADE/PLATFORM) 

64 

3.0 

FIRE  CONTROL 

1.1 

ASSISTANT  GUNNER  S  GUNNER 

.... 

ELBOW  TELESCOPE 

1 

.... 

*172  MT,  TELE,  QUAD 

1 

M18  FIRE  CONTROL  QUADRANT 

1 

HI 37  PANORAMIC  TELESCOPE 

1 

L  .... 

Ml 71  MT,  TELE,  QUAD 

1 

V.  .... 

M17  FIRE  CONTROL  QUADRANT 

1 

S' 

3.2 

FIRE  CONTROL  LINKAGE 

.... 

TRUNNION  TUBE 

1 

.... 

END  CAP 

2 

.... 

SIDE  SUPPORT  STRUT 

2 

.... 

ACTUATOR  STRUT 

1 

.... 

SHORT  STRUT 

2 

.... 

SUPPORT  STRUT 

2 

1  BASIC  (F3)  RELIABILITY  PREDICTION 

FAILURE 

RATE 

BLOCK 

(FLR/HOUR 

(FLR/ROUND 

MRBF 

DATA  SOURCE 

10X-6)  * 

10X-6)** 

(rods) 

2.776 

2.776 

0.533 

RADC  (NPRD-3) 

11.000 

44.000 

8.448 

M109  DATA  +  EST 

14.300 

14.300 

2.746 

AVCO 

4.570 

9.140 

1.755 

RADC  (NPRD-3) 

0.004 

0.008 

0.002 

ESTIMATE 

7.403 

135081 

7.403 

135081 

37.853 

37.853 

7.268 

M198  DATA 

0.011 

0.704 

0.135 

CATFAE  PRED 

1411.46 

708 

1409.95 

709 

643.496 

643.496 

123.552 

132.484 

132.484 

25.437 

1343.771 

1343.771 

258.006 

3217.480  3217.480 

617.760 

946.318 

946.318 

181.694 

1059.876 

1059.876 

203.497 

1.52 

659278 

0  0 
0  0 
0  2 


Ml 98  DATA 
Ml 98  DATA 
Ml 98  DATA 
M198  DATA 
M198  DATA 
M198  DATA 


ESTIMATE 

ESTIMATE 

ESTIMATE 

ESTIMATE 

ESTIMATE 

ESTIMATE 


MISSION  CRITICAL 

( F 1 >  PRED 

FLR  RATE 

BLOCK 

F1/F3 

(FLR/ROUND 

MRBF 

10X-6) 

(rounds) 

0.50 

0.266 

0.30 

2.534 

0.50 

1.373 

0.50 

0.877 

0.50 

0.001 

2.762 

362086 

2.762 

362086 

0.38 

2.762 

N.C. 

N.C. 

175.83 

5687 

175.528 

5697 

N.C. 

N.C. 

0.18 

4.579  REDUNDANT 

0.23 

59.341  REDUNDANT 

0.23 

142.085 

0.18 

32.705 

0.23 

46.804  REDUNDANT 

0.30 

3296392 

0.20 

0.019 

0.20 

0.015 

0.20 

0.077 

0.20 

0.038 

0.20 

0.077 

0.20 

0.077 

/ 


fl 

■ 


RELIABILITY  EQUATION 
Fl  MRBF»o  -  - - - 


£  <1/F1  MRBF  % ) 
1*1 


WHERE;  Fl  MRBF t 
Fl  MRBFsa 
n 
Fl 


BLOCK  Fl  MEAN  ROUNDS  BETWEEN  FAILURES 
SUBSYSTEM  Fl  MEAN  ROUNDS  BETWEEN  FAILURES 
NUMBER  OF  BLOCKS  IN  THE  SUBSYSTEM 
MISSION  CRITICAL  FAILURES 


i 

■ 

IS 

Q 


FIGURE  4  -  LTHD  CANNON  MISSION  CRITICAL  RELIABILITY  BLOCK  DIAGRAM 

< AS  OF  2/1 S/87) 


BLOCK  FI  m 
PREDICTION  (RNDS) 
ALLOCATION  (RNDS) 


BLOCK  Fl  IMF 
PREDICTION  (RNDS) 
ALLOCATION  (RlffiS) 


1 

•L 

1 

BEAK 

-  ASSEMBLY 

MEEL 

—  ASSEMBLY 

BRAKE 
—  SYSTEM 

EQUILIBRATE 
—  ACTUATOR 

MOUNTS 

i 

EQUILIBRATE 
—  CABLES 

:  SYSTEM  HYD. 

—  IHISO-REHAININB  - 
HARENARE 

BLOCK  Fl  IMF  I 
PREDICTION  (RNDS) 
ALLOCATION  (RNDS)  I 

240,846 

176,997 

67,014 

49,248 

67,681 

49)738 

1 

1  697,112 

512)306 

249,044 

183)021 

f  144,592 

106,261 

BLOCK  FI  IMF 
PREDICTION  (RNDS) 
ALLOCATION  (RNDS) 


PREDICTION  I RNDS) 
ALLOCATION  (RNDS) 


2.1  (ME  (Fl  IMF  PRED  =  143.462  ROUNDS)  I 
(FI  IMF  MIX  =  165,430  ROMS) 

2.1.1  2.1.2  2.2.1 


2.2  TRAILS  IF1  IMF  PRED  *  54 
(FI  IMF  ALLOC  =  4( 
2.2.3  ^.2.4 


CRADLE 

SPEEDSH1FT 

TRAIL 

TRAIL 

LIFTING 

GROUND 

—  PEG 

—  STRUCTURE 

-  1 

—  PIN 

—  hsmdle 

—  PAD 

211,685 

155,566 


4,274,705 

3,141^466 


12.3  61MBAL  (FI  IMF  PRED  =335,796  R»S) 
IF1  IMF  ALLX  =24,776  RlffiS) 
2.3.1  2.3.2 


CRADLE/TRAIL 

BUM. 

B1MBAL 

1  PLATFORM 

PLATFORM/TRAIL 

1 

PIN 

TIE-IN 

1  - 

—  SEARING 

—  COWECTE 

1 

ASSEMBLY 

1,157,606 

850,721 


1,041,660 

765,513 


495,542 

364,173 


2.5NHEEL  (FI  IMF  PRED  =  26.316  ROMS) 
(FI  IMF  ALLX  =  19,339  ROUffiS) 


2.4  PLATFORM  (FI  IMF  PRED=3E5.098  RlffiS) 
IF1  IMF  ALLX=2BJ,006  RNDS) 
2.4.1  2.4.2 


1,041,660 

7651513 


610,973 

449,002 


2.6  EfiUIL.  (FI  IMF  PRED  *  211.300  RlffiS) 
(FI  IMF  ALLX  =  155,284  RNDS) 
2.6.1  2.6.2 


:  2.7.1. 1 


2.7.1  SYSTEM  HYD.  (HlCS)  . 

(FI  IMF  PRED=144,428  RNDS)  2.7.2  TRAV.  HYD. 
(FI  IMF  ALLX=106,140  RNDS): 

2.7.1. 2 


178,126 

2421382 


(FI  IMF  PRED=68.B56  RNDS) 
(Fl  IMF  ALLX=5&,602  RNDS) 
2. 7.2.2 


HAND  PlIF.  PUF 
r  CONTROL  viiLVE,  PIPES  -i 
AND  FITTINGS  (10) 

• 

• 

2.7. 2.1 

JOYSTICK,  CANNON  LAY  :  CANNON  LAY  ELEVATION 
r  TRAVERSE  VALVE.  PIPES  —  VALVE  .PI  FES  AND  n 
Mffi  FITTINGS  (2)  FITTINGS  (2) 

1  E  2  REQUIRED 

2. 7. 1.2 

TRAVERSE  HYD.- 
-  REMAINING 
:  HARONARE 

1  OF’ 2  REQUIRED 

2.7.2. 2  2.7.3.1 

HAND  PUf.  PUf 

L  CONTROL  VJLVE.  PIPES  -1 
AM)  FITTINGS  110) 

• 

JOYSTICK,  CANffiN  LAY  '  CANON  LAY  ELEVATION 

L  TRAVERSE  VALVE.  PIPES  —  VALVE  .PIPES  Mffi  J 
Mffi  FITTINGS  (2)  :  FlTTlfes  (2) 

2.7.3  ELEVATION  HYD.  (Fl  IMF  PRED  =  87.420  RNDS) 
(Fl  IMF  ALLX  =  64,245  RlffiS) 

2.7.3.1 


ELEVATION  HYD.- 

REMAININ6 

HARONARE 


395,335 

290)530 


1 

1 

2.7.4 

2.7.5 

2.7.6 

2.7.7 

2.7.B 

2.7.9 

1 

1 

EQUILIBRATION 

L  HYDRAULICS 

STORED 

—  PRESSURE 
HYDRAULICS 

CAMION 

—  POSITION 
HYDRAULICS 

RECOIL  l 

COUNTERRECOIL 

HYDRAULICS 

BREECH 

—  HYDRAULICS 

INERTIAL 
—  RAMHIN6 

HYDRAULICS 

BLOCK  Fl  IMF 
PREDICTION  (RlffiS) I 
ALLOCATION  (RNDS) 

1 

35,635 

26) 188 

120,301 

88)409 

275,951 

202)796 

15,772 

11  >1 

76,589 

56)285 

98,618 

72,474 

LOAD  POSITION 

KHEEL 

PRIMER 

LANYARD 

B 

1  L 

HYDRAULICS 

—  HYDRAULICS 

—  HYDRAULICS 

—  HYDRAULICS 

2.7  HYDRAULIC  SYSTEM 

(Fl  IMF  PRED  =  4.545  ROUNDS) 
(F!  IMF  ALLX  =  5,340  ROUNDS) 


FIGURE  5 


-  LTHD  CARRIAGE  MISSION  CRITICAL  RELIABILITY  BLOCK  DIAGRAM 
1  OF  2  DIAGRAMS  (AS  OF  2/1B/87) 


*.-•<*-*  V  '  *■ 


«v 


BLOtt  FI  IMF 
PfSlCTION  (BOS) 
ALLOCATION  (BOS) 


2.8  LOAD  TRAY  (FI  IMF  PRED  =  55.843  ROUNDS) 
(FI  IMF  ALLOC  *  <1,039  ROUNDS) 

2.8.1  2.b!T 


2.0  LTW)  CARRIAGE  (FI  BfflF  FRED  *  3,183  ROUNDS) 
(FI  IMF  ALLOC  =  2,339  ROUNDS) 


ADE  (FI  HOF  PRED  *  362,086  I 
(FI  mf  ALLOC  *  261,096 
2.9.1 


BLOCK  R  *  e 


-N/ (BLOCK  MRBF) 


Ra  .7.1  *  Ra  .7,  X  •  1  X  (R2,  7.  X  m  22  2R2  .  "7  .  1.2) 


FI  MRBF2. 7. 1  * 


r 

— 5 —  f 

1  -  Ra . t. 1  (N)  J 


N  =  250  rounds 
f  Ra. 7. 1 (n)  dn 


Ra. 7. 2. 2. 7. 3  a  Ra. 7. a.  1 X  C (Ra. 7. a. aXRa. 7.3. 1 ) a~2Ra. 7 . a. aXRa. 7.3.1 3 X Ra . 7. 3. a 


N  *  250  rounds 


FI  HRBFa- 7. a.a. 7. 3 


1  -  Ra.  7.  a . a.  7.  3  (N) 


I  . . . . 


3 (n>  dn 


X  -  1/MRBF 

Xa. 7. a“Xa. 7. a. i+CXa. 7. a. a/ (Xa. 7. a. a+X: 
FI  MRBF  a . 7 . a  ■  I/X2.7.2 


t.  1)  3 X  (Xa.7.a.a.7.  3“ Xa.  7.  a.  i— X: 


Xa. 7. 3"Xa . 7.3. a+CXa. 7.3. 1/ (Xa.7.a. a+Xa. 7.3. i) 3x (Xa.7.a.a.7. 3— Xa- 7. a. i— Xa. 7. 
FI  MRBFa.7.3  *  l/Xa.7.3 


FI  MRBF.. 


. E ^  < 1 /FI  MRBF 1 ) 


WHERE; 


FI  MRBF, 
X 

FI  MRBF.. 


250  ROUNDS  FIRED  -  BASED  ON  Ml 98  HOWITZER  48-HOUR  BATTLEFIELD 
MISSION  (EQUIPMENT  MAINTAINED  AT  THE  END  OF  MISSION) 

MISSION  CRITICAL  FAILURES 

RELIABILITY 

BLOCK  FI  MEAN  ROUNDS  BETWEEN  FAILURES 
FAILURE  RATE  (FAILURES  PER  MILLION  ROUNDS) 

SUBSYSTEM  FI  MEAN  ROUNDS  BETWEEN  FAILURES 
NUMBER  OF  BLOCKS  IN  THE  SUBSYSTEM 


FIGURE  5  -  LTHD  CARRJAgg  TV  BL°CK  DIAGRfl"  ’ 


H172  MOUNT. 
TELESCOPE  And  — 

1418  FIRE 

CONTROL 

QUADRANT  ' 

QUADRANT 

PREDICTION  IRNDS) 
ALLOCATION  IRNDS) I 


(NOT  CRITICAL) 


FIRE  CONTROL 
I  M  LINKAGE 


218,388 

160,514 


3.1  ASSISTANT  GUMCR  AND  GUMER  FIRE  CONTROL  (FI  IMF  PRES  *  5,697  ROUNDS) 

IF1  NRBF  ALLOC  •  4,187  ROUWS) 


H17  FIRE 

CONTROL 

QUADRANT 


3.1.5 


H137  PANORAMIC 


1  OF  2  REQUIRED 


3.0  LTHD  FIRE  CONTROL  (FI  IMF  PRED  =  5,687  ROUWS) 
(FI  IMF  ALLOC  =  4,180  ROUNDS) 


BLOCK  FI  IMF 
PREDICTION  (RNDS)| 
ALLOCATION  IRNDS) 


3,296,392 

2)422)509 


RELIABILITY  EQLlftT  I  DNS 


-N/ (BLOCK  MRBF) 

BLOCK  R  *  e 

R3 .  1  —  ( R3 .  s . 2X R3 .  1 . 3+R3 .  1 . *”R3 .  x . 3X R3 .  x . 3X R3.  x -  * 7  xR3 .  x . oX R3 .1.1 


FI  MRBF; 


IM  =  ^ 

x  =  - - -  f  Rs.x 

1  -  R®. x  (N)  J 


N  **  250  rounds 
Rs. x(n)  dn 

0 


FI  MRBFaa 


E  (1/FI  MRBFx ) 
i  =  1 


WHERE; 


N  =  250  ROUNDS  FIRED  -  BASED  ON  Ml 98  HOWITZER  48-HOUR  BATTLEFIELD 
MISSION  (EQUIPMENT  MAINTAINED  AT  THE  END  OF  MISSION) 


FI  MRBF3.x  =  ASSIST  GUNNER  &  GUNNER  FC  MEAN  ROUNDS  BETWEEN  FAILURES 
FI  =  MISSION  CRITICAL  FAILURES 
R  =  RELIABILITY 

FI  MRBFx  =  BLOCK  FI  MEAN  ROUNDS  BETWEEN  FAILURES 
FI  MRBF«,  =  SUBSYSTEM  (FIRE  CONTROL)  FI  MEAN  ROUNDS  BETWEEN  FAILURES 
n  =  NUMBER ’OF  BLOCKS  IN  THE  SUBSYSTEM 


FIGURE  6  -  LTHD  FIRE  CONTROL  MISSION  CRITICAL  RELIABILITY  BLOCK  DIAGRAM 

(AS  OF  2/1B/B7) 


r  V  V  r 
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LTHO  SYSTEM  MISSION  CRITICAL  (FI)  RELIABILITY  PREDICTION  AND  ALLOCATION  WORKSHEET  (AS  OF  18- Feb-87  ) 


BLOCK 

COOE/ 

PART 

NUMBER 

NOMENCLATURE 

OTY 

MISSION  CRITICAL 
FLR  RATE 
F1/F3  ( FLR/ROUND 
10X-6) 

( FI )  PRED 
BLOCK 
MRBF 
(rounds) 

MISSION  CRITICAL  (FI) 
FAILURE  RATE 
(FLR/ROUND  10X-6) 
COMP  COMP  X  OTY 

ALLOCATION 

BLOCK 

MRBF 

(rounds) 

LIGHTWEIGHT  TOWED  HOWITZER  DEMONSTRATOR 

528.090 

1894 

909.091 

1100 

1.0 

CANNON 

38.103 

26245 

51.848 

19287 

1.1 

TUBE  ASSEMBLY 

11.181 

89440 

15.214 

65730 

1.1.1 

TU8E  ASSEMBLY 

11.181 

89440 

15.214 

65730 

5767 

TUBE 

1 

0.95 

10.357 

14.093 

14.093 

5781 

COLLAR  SET 

5 

0.20 

0.384 

0.105 

0.523 

6016-001 

EXTRUSION  RAIL 

2 

0.20 

0.077 

0.052 

0.105 

6022- 

KEY 

20 

0.10 

0.363 

0.025 

0.494 

6002- 

BOLT 

40 

N.C. 

N.C. 

N.C. 

N.C. 

6003-007 

NUT 

20 

N.C. 

N.C. 

N.C. 

N.C. 

1.2 

MUZZLE  BRAKE 

0.840 

1190632 

1.143 

874992 

1.2.1 

MUZZLE  BRAKE 

0.840 

1190632 

1.143 

874992 

5765 

MUZZLE  BRAKE 

1 

0.20 

0.727 

0.989 

0.989 

5786 

KEY, 

1 

0.20 

0.036 

0.049 

0.049 

5787 

TRUST  COLLAR 

1 

0.20 

0.077 

0.105 

0.105 

1.3 

BREECH 

15.549 

64312 

21.158 

47263 

1.3.1 

BREECH 

15.549 

64312 

21.158 

47263 

5789 

BREECH 

1 

0.55 

12.852 

17.488 

17.488 

5816 

BAND  (OUTER  BREECH) 

1 

0.17 

1.235 

1.681 

1.681 

5788 

BAND  (INNER  BREECH) 

1 

0.17 

1.235 

1.681 

1.681 

6022-005 

KEY 

2 

0.20 

0.073 

0.049 

0.099 

.... 

CLAMP 

4 

0.10 

0.154 

0.052 

0.209 

*  *  *  * 

BOLT 

9 

N.C. 

N.C. 

N.C. 

N.C. 

1.4 

PRIMER  AUTOLOADER 

10.533 

94937 

14.333 

69769 

5802 

PRIMER  AUTOLOADER 

1 

0.21 

10.533 

14.333 

14.333 

2.0 

CARRIAGE 

314.156 

3183 

427.483 

2339 

2.1 

CRADLE 

6.971 

143462 

9.485 

105430 

2.1.1 

CRADLE 

4.724 

211685 

6.428 

155566 

5730 

CRADLE 

1 

0.26 

4.724 

6.428 

6.428 

2.1.2 

SPEEDSHIFT  PEG 

2.246 

445139 

3.057 

327131 

5780 

BRACKET 

1 

0.20 

0.115 

0.157 

0.157 

5772 

CRADLE  STOP 

1 

0.20 

0.019 

0.026 

0.026 

5777 

G1MBEL  MOUNT 

3 

0.20 

0.023 

0.010 

0.031 

5776 

GIMBEL  SPEEDSHIFT 

1 

0.20 

0.038 

0.052 

0.052 

5790 

DISK 

1 

0.20 

0.269 

0.366 

0.366 

5773 

LOCK  HOUSING 

1 

0.20 

0.019 

0.026 

0.026 

5778 

LOCK  HANDLE 

1 

0.20 

0.549 

0.747 

0.747 

PAGE  2 


LTHO  SYSTEM  MISSION  CRITICAL  (FI)  RELIABILITY  PREDICTION  AND  ALLOCATION  WORKSHEET  (AS  OF  18-Feb-87  ) 


,  f 


a 


a 

£ 


BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE 

OTY 

MISSION  CRITICAL 
FLR  RATE 
F1/F3  (FLR/ROUND 
10X-6) 

(FI)  PRED 
BLOCK 
MRBF 
(rounds) 

MISSION  CRITICAL  (FI) 
FAILURE  RATE 
(FLR/ROUND  10X-6) 
COMP  COMP  X  QTY 

ALLOCATION 

BLOCK 

MRBF 
( rounds) 

6013- 

SPRING 

1 

0.20 

0.089 

0.121 

0.121 

6002- 

BOLT 

11 

N.C. 

N.C. 

N.C. 

N.C. 

6003- 

NUT 

8 

N.C. 

N.C. 

N.C. 

N.C. 

5771 

NUT  (SPEEDSHIFT  PIVOT) 

2 

0.20 

0.077 

0.052 

0.105 

6005- 

WASHER 

8 

N.C. 

N.C. 

N.C. 

N.C. 

6007- 

PIN 

8 

0.20 

0.115 

0.020 

0.156 

6006- 

BEARING 

4 

0.20 

0.582 

0.198 

0.792 

5774,5775 

BUSHING  (DISK) 

2 

0.20 

0.351 

0.239 

0.478 

2.2 

TRAILS 

18.207 

54923 

24.775 

40363 

2.2.1 

TRAIL  STRUCTURE 

7.837 

127593 

10.665 

93768 

5841,5897 

UPPER  TRAIL 

2 

0.10 

1.561 

1.062 

2.124 

5842,5898 

LOWER  REAR  TRAIL 

2 

0.10 

0.780 

0.531 

1.062 

5843,5899 

LOWER  FRONT  TRAIL 

2 

0.10 

1.170 

0.796 

1.593 

5845 

FRONT  BULKHEAD 

2 

0.10 

0.156 

0.106 

0.212 

5846 

WHEEL  BULKHEAD 

2 

0.10 

0.156 

0.106 

0.212 

5931 

MIDDLE  BULKHEAD 

2 

0.10 

0.156 

0.106 

0.212 

5932 

REAR  BULKHEAD 

2 

0.10 

0.156 

0.106 

0.212 

5933,5934 

LATTICE 

24 

0.10 

3.120 

0.177 

4.245 

5834,5835 

PIN  (TRAIL  CLEVIS) 

64 

0.10 

0.460 

0.010 

0.625 

5844 

SPACER 

128 

N.C. 

N.C. 

N.C. 

N.C. 

5857,5858 

X-RING 

64 

0.10 

0.123 

0.003 

0.167 

6002-016 

BOLT  (BULKHEAD) 

48 

N.C. 

N.C. 

N.C. 

N.C. 

6003-007 

NUT  (BULKHEAD) 

48 

N.C. 

N.C. 

N.C. 

N.C. 

2.2.2 

TRAIL  PIN 

5.237 

190958 

7.126 

140334 

6009-003 

SCREW 

4 

0.25 

0.002 

0.001 

0.003 

6005-010 

WASHER 

4 

0.25 

0.000 

0.000 

0.001 

6026-001 

BEARING  PIN 

4 

0.25 

2.746 

0.934 

3.736 

6006-012 

BEARING 

4 

0.25 

0.728 

0.248 

0.990 

6024-001 

BUSHING  (RETAINER) 

4 

0.25 

0.877 

0.298 

1.194 

6025-001 

RETAINER 

4 

0.25 

0.002 

0.001 

0.003 

6010-005 

SNAP  RING 

4 

0.25 

0.001 

0.000 

0.001 

6006-011 

BUSHING  (TRAIL  BEARING) 

4 

0.25 

0.877 

0.298 

1.194 

6003-006 

NUT 

16 

0.05 

0.002 

0.000 

0.002 

6002-015 

BOLT 

16 

0.05 

0.002 

0.000 

0.002 

2.2.3 

LIFTING  HANDLE 

4.035 

247808 

5.491 

182113 

5891 

LIFTING  HANDLE 

4 

0.05 

0.038 

0.013 

0.052 

6004-003 

STUD 

2 

0.05 

0.001 

0.001 

0.001 

6005-019 

WASHER 

4 

0.05 

0.000 

0.000 

0.000 

5770 

LOCK  ARM 

2 

0.25 

0.480 

0.327 

0.653 

6012-001 

PULL  PIN 

2 

0.25 

1.373 

0.934 

1.868 

5762 

LOCK  PLATE 

2 

0.25 

0.288 

0.196 

0.392 

6002-010 

BOLT 

2 

0.25 

0.001 

0.001 

0.001 

6003- 

NUT 

6 

0.25 

0.003 

0.001 

0.004 

6011-001 

SPACE  CYLINDER 

2 

0.25 

0.096 

0.065 

0.131 

6011-016 

BUSHING 

8 

0.25 

1.755 

0.298 

2.388 

2.2.4  GROUND  PAD 

0.234 

4274705 

0.318 

3141468 

5832,5833 

GROUND  PAD 

2 

0.10 

0.127 

0.087 

0.173 

5856 

SPACER 

2 

0.10 

0.107 

0.073 

0.145 

6002-017 

BOLT 

20 

N.C. 

N.C. 

N.C. 

N.C. 

6003-008 

NUT 

20 

N.C. 

N.C. 

N.C. 

N.C. 

2.2.5 

:radle/trail  tie-in 

0.864 

1157606 

1.175 

850721 

5855 

SLOTTED  PLATE 

4 

0.20 

0.461 

0.157 

0.627 

5854 

SHIM 

4 

0.20 

0.015 

0.005 

0.021 

5863 

LUG 

4 

0.20 

0.080 

0.027 

0.110 

5864,5865 

SUPPORT  BAR 

3 

0.20 

0.230 

0.105 

0.314 

a 
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BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE 

QTY 

MISSION  CRITICAL  (FI)  PRED 
FLR  RATE  BLOCK 

F1/F3  (FLR/ROUND  MRBF 

10X-6)  (rounds) 

MISSION  CRITICAL  (FI) 
FAILURE  RATE 
(FLR/ROUND  10X-6) 
COMP  COMP  X  QTY 

ALLOCATION 

BLOCK 

MRBF 
( rounds) 

5866 

LINK 

2 

0.20 

0.077 

0.052 

0.105 

6002- 

BOLT 

31 

N.C. 

N.C. 

N.C. 

N.C. 

6003- 

NUT 

31 

N.C. 

N.C. 

N.C. 

N.C. 

2.3 

GIMBAL 

2.978 

335796 

4.052 

246776 

2.3.1 

GIMBAL 

0.960 

1041660 

1.306 

765513 

5810 

GIMBAL 

1 

0.25 

0.960 

1.306 

1.306 

2.3.2 

GIMBAL  BEARING 

2.018 

495542 

2.746 

364173 

6007- 

PIN  (GIMBAL/TRAVERSE) 

2 

0.25 

1.373 

0.934 

1.868 

5935 

SLEEVE 

1 

0.25 

0.219 

0.298 

0.298 

5936 

SPACER 

1 

0.25 

0.000 

0.000 

0.000 

5937 

COVER 

1 

0.10 

0.010 

0.013 

0.013 

6002- 

BOLT 

2 

0.25 

0.001 

0.001 

0.001 

6005- 

WASHER 

3 

0.05 

0.000 

0.000 

0.000 

6006- 

BEARING 

2 

0.25 

0.364 

0.248 

0.495 

6010- 

SNAP  RING 

4 

0.25 

0.001 

0.000 

0.001 

6030-001 

O-RING 

1 

0.25 

0.050 

0.069 

0.069 

2.4 

PLATFORM 

2.597 

385098 

3.533 

283008 

2.4.1 

PLATFORM 

0.960 

1041660 

1.306 

765513 

5800 

PLATFORM 

1 

0.25 

0.960 

1.306 

1.306 

2.4.2 

PLATFORM/TRAIL  CONNECTOR 

1.637 

610973 

2.227 

449002 

.... 

HANDLE 

2 

0.10 

0.038 

0.026 

0.052 

.... 

BOLT  (SPRING  LOADED) 

2 

0.25 

1.373 

0.934 

1.868 

6013-001 

SPRING 

2 

0.25 

0.222 

0.151 

0.302 

6010-006 

SNAP  RING 

2 

0.10 

0.000 

0.000 

0.000 

6002-029 

BOLT 

4 

0.10 

0.001 

0.000 

0.001 

6003- 

NUT 

4 

0.10 

0.001 

0.000 

0.001 

6001-004 

ADHESIVE 

2 

0.10 

0.002 

0.001 

0.003 

2.5 

WHEEL  SYSTEM 

38.000 

26316 

51.708 

19339 

2.5.1 

PIN  ASSEMBLY 

4.151 

240933 

5.648 

177061 

5730 

PIVOT  PIN 

2 

0.50 

2.746 

1.868 

3.736 

6005-002 

THRUST  WASHER 

8 

0.05 

0.000 

0.000 

0.000 

6002-001 

BOLT  (PIVOT) 

4 

0.05 

0.000 

0.000 

0.001 

6003-001 

NUT  (PIVOT) 

4 

0.05 

0.000 

0.000 

0.001 

6006-001 

BUSHING  (PIVOT) 

8 

0.20 

1.404 

0.239 

1.910 

2.5.2 

BEAM  ASSEMBLY 

4.152 

240846 

5.650 

176997 

5794,579 t 

LEADING  BEAM 

2 

0.30 

0.411 

0.280 

0.560 

5795,5797  LAGGING  BEAM 

2 

0.30 

0.411 

0.280 

0.560 

6007-001 

PIN  (SUPPORT) 

4 

0.20 

0.057 

0.020 

0.078 

5736 

CAP  (AXLE  BEAM  END) 

8 

0.05 

0.038 

0.007 

0.052 

6002-002 

BOLT  (AXLE  CAP) 

16 

N.C. 

N.C. 

N.C. 

N.C. 

6005-004 

WASHER  (AXLE  CAP) 

16 

N.C. 

N.C. 

N.C. 

N.C. 

6005-006 

WASHER  (CYLINDER  PIVOT) 

8 

N.C. 

N.C. 

N.C. 

N.C. 

6006-003 

BUSHING  (CYLINDER  PIVOT) 

4 

0.20 

0.702 

0.239 

0.955 

6006-004 

BUSHING  (SUPPORT  PIVOT) 

12 

0.20 

2.106 

0.239 

2.866 

5803,5804 

CROSS  SUPPORT 

2 

0.20 

0.077 

0.052 

0.105 

5809 

HANDLE  LOCKING  (X-SUPPORT 

2 

0.20 

0.230 

0.157 

0.314 

5812 

BRACKET 

2 

0.20 

0.020 

0.014 

0.028 

5813 

GUIDE  (SPRING) 

2 

0.05 

0.010 

0.007 

0.013 

PACE  4 
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BLOCK 

CCOE/ 

PART 

NUMBER 

NOMENCLATURE 

OTY 

MISSION  CRITICAL 
FLR  RATE 
F1/F3  (FLR/ROUND 
10X-6) 

(FI)  PRED 
BLOCK 
MRBF 
(rounds) 

MISSION  CRITICAL  (FI) 
FAILURE  RATE 
(FLR/ROUND  10X-6) 
COMP  COMP  X  OTY 

ALLOCATION 

BLOCK 

MRBF 

(rounds) 

6002-006 

BOLT  (SUPPORT  HANDLE  BRKT) 

4 

N.C. 

N.C. 

N.C. 

N.C. 

6003-005 

NUT  (SUPPORT  HANDLE  BRKT) 

4 

N.C. 

N.C. 

N.C. 

N.C. 

6002-007 

BOLT  (HANDLE  GUIDE) 

8 

N.C. 

N.C. 

N.C. 

N.C. 

6013-002 

SPRING 

2 

0.10 

0.089 

0.060 

0.121 

6033-001 

LOCKWIRE 

2 

0.10 

0.000 

0.000 

0.000 

2.5.3 

WHEEL  ASSEMBLY 

14.922 

67014 

20.305 

49248 

5738 

TIRE 

4 

0.30 

7.263 

2.471 

9.883 

5739 

WHEEL 

4 

0.30 

0.309 

0.105 

0.421 

6020,6021  VALVE  STEM  ANO  CAP 

4 

0.30 

0.107 

0.037 

0.146 

5741 

NUB 

4 

0.62 

1.597 

0.543 

2.173 

5742 

CAP  (HUB) 

4 

0.30 

0.346 

0.118 

0.470 

6002-003 

BOLT  (HUB  CAP) 

32 

N.C. 

N.C. 

N.C. 

N.C. 

5743 

GRASE  SEAL 

16 

0.10 

1.074 

0.091 

1.461 

5744 

NUT  (AXLE  BEARING) 

8 

0.24 

0.409 

0.070 

0.557 

5745 

LOCKUASHER  (BEARING) 

8 

0.24 

0.001 

0.000 

0.001 

5746 

ROLLER  BEARING 

8 

0.24 

2.411 

0.410 

3.281 

5747 

AXLE 

4 

0.50 

0.515 

0.175 

0.701 

5748 

ROTOR  (DISC  BRAKE) 

4 

0.08 

0.876 

0.298 

1.192 

6002-004 

BOLT  (ROTOR  DISC) 

24 

N.C. 

N.C. 

N.C. 

N.C. 

6002-005 

BOLT  (WHEEL) 

32 

N.C. 

N.C. 

N.C. 

N.C. 

6005-005 

WASHER  (WHEEL  BOLT) 

32 

N.C. 

N.C. 

N.C. 

N.C. 

6019-010 

GREASE  ZURK 

8 

N.C. 

N.C. 

N.C. 

N.C. 

.... 

RELIEF  VALVE  (CAP) 

8 

N.C. 

N.C. 

N.C. 

N.C. 

6007-002 

PIN  (ROTOR) 

4 

0.05 

0.014 

0.005 

0.020 

2.5.4 

BRAKE  SYSTEM 

14.775 

67681 

20.105 

49738 

5749 

BRAKE  CALIPER  (SERVICE) 

4 

0.08 

3.504 

1.192 

4.767 

6006-002 

BUSHING  (BRAKE) 

16 

0.12 

0.532 

0.045 

0.724 

5753 

PIN  (BRAKE) 

8 

0.05 

0.029 

0.005 

0.039 

5750 

PARK  BRAKE  CALIPER 

4 

0.05 

0.696 

0.237 

0.946 

5827 

PIN  (PARK  BRAKE) 

4 

0.05 

0.014 

0.005 

0.020 

5824 

SHAFT  (PARK  BRAKE) 

2 

0.05 

0.066 

0.045 

0.090 

5825 

HEX  HEAD  (PARK  BRAKE) 

2 

0.05 

0.000 

0.000 

0.000 

5826 

BEARING  BLOCK  (PARK  BRAKE) 

4 

0.05 

0.146 

0.050 

0.198 

6002-008 

BOLT  (BEARING  BLOCK) 

16 

N.C. 

N.C. 

N.C. 

N.C. 

5823 

ROD  END  (PARK  BRAKE) 

4 

0.05 

0.013 

0.004 

0.018 

5822 

ROD  (PARK  BRAKE) 

2 

0.05 

0.013 

0.009 

0.018 

5819 

LEVER  (PARK  BRAKE) 

2 

0.05 

0.039 

0.026 

0.053 

5715 

HYDRAULIC/AIR  ACTUATOR 

1 

0.50 

4.844 

6.592 

6.592 

5752 

RELAY  VALVE  (W  CHECK  V) 

1 

0.14 

0.361 

0.491 

0.491 

5715 

AIR  TANK 

1 

0.50 

0.064 

0.088 

0.088 

5757 

DRAIN  COCK 

1 

0.15 

0.348 

0.473 

0.473 

5759 

AIR  FILTER 

2 

0.05 

0.063 

0.043 

0.086 

5758 

FRAME  NIPPLE 

2 

0.35 

0.063 

0.043 

0.085 

5756 

AIR  HOSE  ASSEMBLY 

2 

0.35 

0.466 

0.317 

0.634 

5755 

GLADHAND 

2 

0.10 

0.038 

0.026 

0.052 

5754 

HOSE  SUPPORT  BRACKET 

1 

0.10 

0.005 

0.007 

0.007 

6027- 

PIPING  AND  FITTINGS 

12 

0.35 

1.423 

0.161 

1.937 

5829 

HOSE  AND  COUPLING 

10 

0.35 

1.312 

0.178 

1.785 

6019- 

ELBOW  PIPING 

5 

0.35 

0.258 

0.070 

0.351 

6019-006 

NIPPLE 

4 

0.35 

0.125 

0.043 

0.170 

6019-007 

UNION 

1 

0.35 

0.115 

0.157 

0.157 

6019-001 

ADAPTER 

6 

0.05 

0.051 

0.012 

0.070 

6019-002 

TEE 

3 

0.35 

0.188 

0.085 

0.256 

6003-002 

NUT 

4 

N.C. 

N.C. 

N.C. 

N.C. 

6017-002 

X-WASHER 

16 

N.C. 

N.C. 

N.C. 

N.C. 

2.6 

EOUILIBRATORS 

4.733 

211300 

6.440 

155284 

2.6.1 

EQUILIBRATOR  ACTUATOR  MOUNTS 

1.434 

697112 

1.952 

512306 

5763 

TUBE 

1 

0.50 

0.048 

0.065 

0.065 

5779 

TUBE  (OUTSIDE) 

4 

0.50 

0.192 

0.065 

0.261 

5760 

CAP 

2 

0.20 

0.008 

0.005 

u.010 

5761 

TRAIL  NESTING  BUSHING 

2 

0.50 

0.877 

0.597 

1.194 

a 
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BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE 

3TY 

MISSION  CRITICAL  (FI)  PRED 
FLR  RATE  BLOCK 

F1/F3  (FLR/ROUND  MRBF 

10X-6)  (rounds) 

MISSION  CRITICAL  (FI) 
FAILURE  RATE 
(FLR/ROUND  10X-6) 
COMP  COMP  X  OTY 

ALLOCATION 
BLOCK 
MRBF 
( rounds) 

5664 

CLAMP  SET 

3 

0.25 

0.288 

0.131 

0.392 

6004- 

STUD 

7 

0.25 

0.017 

0.003 

0.023 

6003- 

NUT 

8 

0.25 

0.004 

0.001 

0.006 

2.6.2 

EQU1LIBRATOR  CABLES 

4.015 

249044 

5.464 

183021 

5791 

CABLE 

2 

0.70 

2.796 

1.902 

3.804 

6006-007 

BEARING 

2 

0.70 

1.019 

0.693 

1.386 

6007-004 

PIN 

4 

0.70 

0.201 

0.068 

0.274 

2.7 

HYDRAULIC  SYSTEM 

220.002 

'  4545 

299.364 

3340 

U''- 

2.7.1 

SYSTEM  HYDRAULICS  (MISC) 

6.924 

144428 

_ 

— 8^422 

106140 

.... 

MANIFOLD  ASSY 

4 

0.60 

3.405 

'  1.158 

4.634~ 

5906,5907 

HAND  PUMP 

2 

0.40 

7.749 

2  REDUNDANT 

5.272 

10.544 

5903-002 

PUMP  CONTROL  VALVE 

2 

0.60 

2.292 

2  REDUNDANT 

1.560 

3.119 

.... 

QU l CK - D I SCONNECT  CHECK  VLV 

2 

0.50 

2.004 

1  1 .363 

2.727 

5903-003 

SAFETY  RELIEF  VALVE 

1 

0.50 

0.165 

1  0.224 

0.224 

.... 

HOSE  AND  COUPLING 

3 

0.35 

0.394 

0.178 

0.535 

.... 

PIPING  AND  FITTINGS 

18 

0.35 

2.135 

JCMIEDUNOAN 

/  0.161 

2.905 

■2.7.2 

TRAVERSE  HYDRAULICS 

14.523 

68856 

19.762 

50602 

5904,5905 

CANNON  LAY  TRAVERSE  VALVE 

4 

0.60 

4.585  4  REDUNDANT 

1.560 

6.239 

5904,5905 

HYDRAULIC  JOYSTICK 

2 

0.30 

2.447  2  REDUNDANT 

1.665 

3.330 

5920 

TRAVERSE  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

.... 

TRAVERSE  BEAR  LOC 

1 

0.55 

2.476 

3.369 

3.369 

.... 

INTENSIFIER  (BEAR  LOCK) 

1 

0.60 

0.634 

0.862 

0.862 

.... 

EMERGENCY  ZERK7777??? 

1 

N.C. 

N.C. 

N.C. 

N.C. 

5714 

TRAVERSE  ACTUATOR 

1 

0.50 

4.844 

6.592 

6.592 

.... 

SLIP  RING 

1 

0.50 

4.788 

6.516 

6.516 

.... 

PIPING  AND  FITTINGS 

9 

0.35 

1.067  4  REDUNDANT 

0.161 

1.453 

6007-006 

PIN 

1 

0.50 

0.036 

0.049 

0.049 

u- 

f.  7.3 

ELEVATION  HYDRAULICS 

11.439 

87420 

15.565 

64245 

5904,5905 

CANNON  LAY  ELEVATION  VALVE 

4 

0.60 

4.585 

4  REDUNDANT 

1.560 

6.239 

5919 

ELEVATION  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

5716 

ELEVATION  ACTUATOR 

1 

0.50 

4.844 

6.592 

6.592 

.... 

SLIP  RING 

1 

0.50 

4.788 

6.516 

6.516 

.... 

PIPING  AND  FITTINGS 

8 

0.35 

0.949  4  REDUNDANT 

0.161 

1.291 

6007-009 

PIN 

1 

0.50 

0.036 

0.049 

0.049 

6006-013 

BEARING 

1 

0.20 

0.146 

0.198 

0.198 

6005-011 

WASHER 

2 

0.20 

0.000 

0.000 

0.000 

6017-001 

X- WASHER 

2 

0.20 

0.000 

0.000 

0.000 

U' 

2.7.4 

EQUILIBRATION  HYDRAULICS 

28.063 

35635 

38.186 

26188 

5893 

EQUILIBRATION  PRESSURE  VLV 

1 

0.60 

1.146 

1.560 

1.560 

5892 

EQUILIBRATION  VALVE  ON/OFF 

1 

0.60 

1.146 

1.560 

1.560 

5915 

INTENSIFIER  (DOUBLE-ENDED) 

1 

0.55 

4.720 

6.422 

6.422 

5720-002 

EQUILIBRATION  ACCUMULATOR 

1 

0.30 

3.171 

4.314 

4.314 

5712,5713 

EQUILIBRATION  ACTUATOR 

2 

0.50 

9.688 

6.592 

13.183 

.... 

INTENSIFIER  (BEAR  LOCK) 

1 

0.60 

0.634 

0.862 

0.862 

.... 

ELEVATION  8EAR  LOC 

2 

0.55 

4.952 

3.369 

6.738 

.... 

EMERGENCY  ZERK????????? 

2 

N.C. 

N.C. 

N.C. 

N.C. 

5896 

PILOT  OPER  CHCK  VLV  W  SEAL 

1 

0.40 

1.239 

1.686 

1.686 

.... 

PIPING  AND  FITTINGS 

6 

0.35 

0.712 

0.161 

0.968 

.... 

HOSE  AND  COUPLING 

5 

0.35 

0.656 

0.178 

0.892 

U 

2.7.5 

STORED  PRESSURE  HYDRAULICS 

8.312 

120301 

11.311 

88409 

5894,5900 

VALVE  (PRESSURE  GAGE) 

2 

0.20 

0.764 

0.520 

1.040 

5894,5900 

PRESSURE  GAGE 

2 

0.05 

0.138 

0.094 

0.188 

a 


/' 
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BLOCK 

COOE/ 

PART 

NUMBER 

NOMENCLATURE 

QTY 

MISSION  CRITICAL  (FI)  PRED 
FLR  RATE  BLOCK 

F1/F3  (FLR/ROUND  HRBF 

10X-6)  (rounds) 

MISSION  CRITICAL  (FI) 
FAILURE  RATE 
(FLR/ROUND  10X-6) 
COMP  COMP  X  QTY 

ALLOCATION 

BLOCK 

KRBF 

(rounds) 

5720-003 

RESERVOIR  ACCUMULATOR 

1 

0.30 

3.171 

4.314 

4.314 

5900- 

VALVE  (ON/OFF) 

1 

0.20 

0.382 

0.520 

0.520 

.... 

PILOT  OPER  CHCK  VLV  U  SEAL 

1 

0.40 

1.239 

1.686 

1.686 

.... 

HYDRAULIC  FILTER 

1 

0.30 

0.171 

0.233 

0.233 

.... 

CHECK  VALVE  (FILTER) 

2 

0.50 

1.617 

1.100 

2.201 

.... 

PIPING  AND  FITTINGS 

7 

0.35 

0.830 

0.161 

1.130 

2.7.6 

CANNON  POSITION  HYDRAULICS 

3.624 

275951 

4.931 

202796 

5895 

CANNON  POSITION  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

.... 

PILOT  OPER  CHCK  VLV  U  SEAL 

2 

0.40 

2.478 

1.686 

3.371 

2.7.7 

RECOIL  &  C'RECOIL  HYDRAULICS 

63.405 

15772 

^ - ^ 

86.277 

11591 

5710-555 

RECOIL  CYLINDER 

2 

0.45 

26.289  . 

C  17.886  ) 

35.772 

5710-315 

C*  RECOIL  CYLINDER 

1 

0.45 

13.144 

17.886 

5710-310 

ENERGY  STORAGE  CYLINDER 

1 

0.45 

13.144 

17.886 

17.886 

5718,5719  C*  RECOIL  ACCUMULATOR 

2 

0.30 

6.341 

4.314 

8.629 

5912 

CHECK  VALVE 

3 

0.50 

2.426 

1.100 

3.301 

5913 

RELIEF  VALVE 

1 

0.50 

0.165 

0.224 

0.224 

5914 

PRESSURE  REDUCING  VALVE 

1 

0.50 

0.165 

0.224 

0.224 

5916 

CIRCUIT  BREAKER 

1 

N.C. 

N.C. 

N.C. 

N.C. 

5916 

ORIFICE 

1 

N.C. 

N.C. 

N.C. 

N.C. 

5947 

ROD/PISTON  (RECOIL) 

2 

0.45 

0.173 

0.118 

0.235 

5948 

ROO/PISTON  (C'RECOIL) 

2 

0.45 

0.354 

0.241 

0.482 

5949 

ORIFICE  ROD 

2 

0.45 

0.372 

0.253 

0.506 

5950 

GUIDE  ROD 

2 

0.45 

0.372 

0.253 

0.506 

5951 

END  CAP 

8 

0.20 

0.307 

0.052 

0.418 

5952 

WASHER  (END  CAP) 

4 

0.20 

0.000 

0.000 

0.000 

5954 

COLLAR  (END  CAP) 

4 

0.20 

0.154 

0.052 

0.209 

5955 

NUT  (END  CAF) 

4 

0.05 

0.000 

0.000 

0.001 

2.7.8 

BREECH  HYDRAULICS 

13.057 

76589 

17.767 

56285 

5900-001 

BREECH  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

5725 

BREECH  ACTUATOR 

1 

0.50 

4.844 

6.592 

6.592 

.... 

ACTUATOR  CONTROL  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

.... 

CHECK  VALVE 

1 

0.50 

0.809 

1.100 

1.100 

5922 

PILOT  OPER  CTRL  FLOW  VALVE 

2 

0.45 

4.243 

2.887 

5.773 

.... 

PIPING  AND  FITTINGS 

4 

0.35 

0.474 

0.161 

0.646 

.... 

HOSE  AND  COUPLING 

2 

0.35 

0.262 

0.178 

0.357 

.... 

LINK 

1 

0.50 

0.096 

0.131 

0.131 

5725 

PIN 

1 

0.50 

0.036 

0.049 

0.049 

2.7.9 

INERTIAL  RAMMING  HYDRAULICS 

10.140 

98618 

13.798 

72474 

5900-002 

VALVE  (RAM/RETRACT/CREEP) 

1 

0.60 

1.146 

1.560 

1.560 

5902- 

DE I NTENSI F IER 

1 

0.55 

3.881 

5.281 

5.281 

.... 

AIR  FILTER 

1 

0.05 

0.032 

0.043 

0.043 

5729 

RAMMER  POSITION  ACTUATOR 

1 

0.50 

4.844 

6.592 

6.592 

.... 

PIPING  AND  FITTINGS 

2 

0.35 

0.237 

0.161 

0.323 

2.7.10 

LOAD  POSITION  HYDRAULICS 

10.998 

90929 

14.965 

66823 

5900-003 

VALVE  (BATTERY/LOAD) 

1 

0.60 

1.146 

1.560 

1.560 

5728 

LOAD  POSITION  ACTUATOR 

1 

0.50 

4.844 

6.592 

6.592 

5921 

PILOT  OPER  CHCK  VLV  U  SEAL 

2 

0.40 

2.478 

1.686 

3.371 

5917 

BATTERY  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

5918 

LOAD  POSITION  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

.... 

PIPING  AND  FITTINGS 

2 

0.35 

0.237 

0.161 

0.323 

2.7.11 

WHEEL  HYDRAULICS 

32.464 

30804 

44.175 

22637 

5910 

WHEEL  HYDRAULIC  VALVE 

8 

0.60 

9.170 

1.560 

12.478 

5721  -  5722 

WHEEL  ACTUATOR 

4 

0.50 

19.376 

6.592 

26.366 

.... 

LINKAGE  (WHEEL  ACT  VALVE) 

4 

0.50 

0.384 

0.131 

0.523 

i 

B 

U 


PAGE  7  LTHO  SYSTEM  MISSION  CRITICAL  <F1)  RELIABILITY  PREDICTION  AND  ALLOCAT  ON  WORKSHEET  (AS  OF  18-Feb-87  ) 


BLOCK 

CODE/ 

PART 

NUM8ER 

NOMENCLATURE 

OTY 

MISSION  CRITICAL 
FLR  RATE 
F1/F3  (FLR/ROUND 
10X-6) 

(FI)  PRED 
8LOCK 
MRBF 
(rounds) 

MISSION  CRITICAL  (FI) 
FAILURE  RATE 
(FLR/ROUND  10X-6) 
COMP  COMP  X  OTY 

ALLOCATION 

BLOCK 

MRBF 

(rounds) 

.... 

BURST  PLUG 

4 

0.50 

0.384 

0.131 

0.523 

5903-001 

CIRCUIT  BREAKER 

2 

N.C. 

N.C. 

N.C. 

N.C. 

.... 

HOSE  AND  COUPLING 

14 

0.35 

1.836 

0.178 

2.499 

.... 

PIPING  AND  FITTINGS 

8 

0.35 

0.949 

0.161 

1.291 

.... 

PIN  JOINT 

8 

0.50 

0.287 

0.049 

0.391 

.... 

RETAINING  RING 

8 

0.50 

0.077 

0.013 

0.105 

2.7.12 

PRIMER  HYDRAULICS 

8.586 

116466 

11.683 

85591 

5900-004 

PRIMER  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

5726 

PRIMER  ACTUATOR 

1 

0.50 

4.844 

6.592 

6.592 

5922 

PILOT  OPER  CTRL  FLOW  VALVE 

1 

0.45 

2.121 

2.887 

2.887 

.... 

PIPING  AND  FITTINGS 

4 

0.35 

0.474 

0.161 

0.646 

2.7.13 

LANYARD  HYDRAULICS 

8.468 

118098 

11.522 

86790 

5900-005 

LANYARD  VALVE 

1 

0.60 

1.146 

1.560 

1.560 

5727 

PRIMER  ACTUATOR 

1 

0.50 

4.844 

6.592 

6.592 

5922 

PILOT  OPER  CTRL  FLOW  VALVE 

1 

0.45 

2.121 

2.887 

2.887 

.... 

PIPING  AND  FITTINGS 

3 

0.35 

0.356 

0.161 

0.484 

2.8 

LOAD  TRAY 

17.907 

55843 

24.367 

41039 

2.8.1 

LOAD  TRAY 

10.037 

99635 

13.657 

73221 

5867 

LOAD  TRAY 

1 

0.20 

0.779 

1.060 

1.060 

BARS 

2 

0.20 

0.077 

0.052 

0.105 

CLEVIS 

3 

0.20 

0.438 

0.199 

0.596 

ROLLER  HOUSING  (FIXED) 

1 

0.20 

0.115 

0.157 

0.157 

TIE  BAR 

2 

0.20 

0.384 

0.261 

0.523 

TROLLY  SUPPORT 

4 

0.20 

0.768 

0.261 

1.045 

ROLLER  HOUSING  (PIVOTING) 

4 

0.20 

0.461 

0.157 

0.627 

6002- 

BOLT 

125 

N.C. 

N.C. 

N.C. 

N.C. 

6003- 

NUT 

211 

N.C. 

N.C. 

N.C. 

N.C. 

6005- 

WASHER 

546 

N.C. 

N.C. 

N.C. 

N.C. 

5927 

TRACK  (REAR) 

1 

0.20 

0.857 

1.166 

1.166 

5928 

GUIDE  (REAR  TRACK) 

2 

0.20 

1.714 

1.166 

2.332 

5926 

TRACK  (CENTER) 

1 

0.20 

0.857 

1.166 

1.166 

5925 

TRACK  (FORWARD) 

1 

0.20 

0.857 

1.166 

1.166 

5888 

HINGE  (BRACKET  INNER) 

4 

0.20 

0.584 

0.199 

0.794 

5889 

HINGE  (BRACKET  OUTER) 

4 

0.20 

0.584 

0.199 

0.794 

5929,5930 

BAR  (TRACK  SUPPORT) 

3 

0.20 

0.115 

0.052 

0.157 

5940 

5939 

BRACKET (REAR  TRACK  ROLLER) 

4 

0.20 

0.041 

0.014 

0.055 

5887 

ROLLER 

28 

0.40 

0.950 

0.046 

1.293 

5868 

WEARSTRIP 

3 

0.05 

0.029 

0.013 

0.039 

5869 

BACKSTOP  (PROJECTILE) 

1 

0.10 

0.038 

0.052 

0.052 

5870 

STRIP 

2 

0.05 

0.019 

0.013 

0.026 

5871 

BRACKET 

2 

0.20 

0.020 

0.014 

0.028 

6006-015 

BUSHING 

2 

0.20 

0.351 

0.239 

0.478 

6009- 

SCREW 

38 

N.C. 

N.C. 

N.C. 

N.C. 

2.8.2 

SHOCK  MOUNT 

7.871 

127056 

10.710 

93373 

5872,5873 

BAR 

4 

0.20 

0.154 

0.052 

0.209 

5874 

5941 

PRIMARY  SHOCK 

2 

0.50 

1.475 

1.004 

2.007 

5875 

BRACKET 

1 

0.20 

0.010 

0.014 

0.014 

5942 

SHOCK  (MAN) 

1 

0.50 

0.737 

1.004 

1.004 

5878 

PAD  (PROJECTILE  STOP) 

1 

0.20 

0.127 

0.173 

0.173 

6002- 

BOLT 

3 

0.20 

0.001 

0.001 

0.002 

6003- 

NUT 

7 

0.20 

0.003 

0.001 

0.004 

6005- 

WASHER 

2 

0.20 

0.000 

0.000 

0.000 

5879 

MOUNT  (PAD) 

1 

0.20 

0.107 

0.145 

0.145 

5880 

CUSHION 

1 

0.20 

0.127 

0.173 

0.173 

5881 

BAR  (PIN  PIVOT)  ?????? 

2 

0.20 

0.077 

0.052 

0.105 

5877 

MOUNT  (PROJECTILE  STOP) 

1 

0.50 

0.266 

0.363 

0.363 

PACE  8 


ITHO  SYSTEM  MISSION  CRITICAL  (FI)  RELIABILITY  PREDICTION  AND  ALLOCATION  WORKSHEET  (AS  OF  18- Feb-87  ) 


BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE 

QTY 

MISSION  CRITICAL  (FI)  PRED 
FLR  RATE  BLOCK 

F1/F3  ( FLR/ROUND  MRBF 

10X-6)  (rounds) 

MISSION  CRITICAL  (FI) 
FAILURE  RATE 
(FLR/ROUND  10X-6) 
COMP  COMP  X  QTY 

ALLOCATION 

BLOCK 

MRBF 

(rounds) 

5876 

GUIDE  (SHOCK  MOUNT) 

4 

0.30 

2.534 

0.862 

3.449 

5882 

PIN  (PROJ  STOP  PAD) 

1 

0.50 

1.373 

1.868 

1.868 

6006-014 

BUSHING 

2 

0.50 

0.877 

0.597 

1.194 

6010-004 

SNAP  RING 

2 

0.50 

0.001 

0.001 

0.001 

2.9 

SPADE 

2.762 

362086 

3.758 

266096 

2.9.1 

SPADE 

2.762 

362086 

3.758 

266096 

5820 

SPADE 

1 

0.38 

2.762 

3.758 

3.758 

6002-011 

BOLT  (SPADE/PLATFORM) 

64 

N.C. 

N.C. 

N.C. 

N.C. 

3.0 

FIRE  CONTROL 

5687 

239.260 

4180 

3.1 

ASSISTANT  GUNNER  &  GUNNER 

175.528 

5697 

238.847 

4187 

ELBOW  TELESCOPE 

1 

N.C. 

N.C. 

N.C. 

N.C. 

M172  HT,  TELE,  QUAD 

1 

0.18 

4.579  REDUNDANT 

6.230 

6.230 

M18  FIRE  CONTROL  QUADRANT  1 

0.23 

59.341  REDUNDANT 

80.748 

80.748 

M137  PANORAMIC  TELESCOPE 

1 

0.23 

142.085 

193.340 

193.340 

M171  MT,  TELE,  QUAD 

1 

0.18 

32.705 

44.503 

44.503 

M17  FIRE  CONTROL  QUADRANT  1 

0.23 

46.804  REDUNDANT 

63.688 

63.688 

3.2 

FIRE  CONTROL  LINKAGE 

0.30 

3296392 

0.413 

2422509 

TRUNNION  TUBE 

1 

0.20 

0.019 

0.026 

0.026 

END  CAP 

2 

0.20 

0.015 

0.010 

0.021 

SIDE  SUPPORT  STRUT 

2 

0.20 

0.077 

0.052 

0.105 

ACTUATOR  STRUT 

1 

0.20 

0.038 

0.052 

0.052 

SHORT  STRUT 

2 

0.20 

0.077 

0.052 

0.105 

SUPPORT  STRUT 

2 

0.20 

0.077 

0.052 

0.105 

£ 
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PAGE  1  LTHO  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  19-M«r-86  ) 


1  BLOCK 

1  COOE/ 

1  PART 
NUMBER 

NOMENCLATURE 

OTY 

BASIC  (F3)  RELIABILITY  PREDICTION 
FAILURE  RATE  BLOCK 

(FLR/HOUR  (FLR/ROUND  MRBF 

10X-6)  *  10X-6)**  (rnds) 

DATA  SOURCE 

MISSION  CRITICAL 
FLR  RATE 

F1/F3  (FLR/ROUND 
10X-6) 

(FI)  PRED 
SLOCK 
MRBF 
(rounds) 

2.^X0 

w 

LIGHTWEIGHT  TOWED  HOWITZER  DEMONSTRATOR 

"EH* 

IS88SSI8888S8t8t 

BBSXZSSBSSSCZStXX 

SSSSS8S88 Ct 

1.0 

CANNON 

112.295 

8905 

38.333 

26087 

BXItfSSSSBSSStZB 

ZBKSZSSXXeSSSSSS 

xsxssxssttz 

1.1 

TUBE  ASSEMBLY 

18.117 

55197 

11.411 

87635 

1.1.1 

TUBE  ASSEMBLY 

18.117 

55197 

11.411 

87635 

5767 

TUBE  (BARREL) 

1 

56.779 

56.779 

10.902 

Ml 98  DATA 

0.95 

10.357 

5781- 

COLLAR  SET 

8 

2.000 

16.000 

3.072 

ESTIMATE 

0.20 

0.614 

6016-001 

EXTRUSION  RAIL 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

6022- 

KEY 

20 

0.946 

18.920 

3.633 

M198  DATA 

0.10 

0.363 

6002- 

BOLT 

40 

0.011 

0.440 

0.084 

CATFAE  PRED 

N.C. 

N.C. 

6003-009 

NUT 

20 

0.011 

0.220 

0.042 

CAT  FAE  PRED 

N.C. 

N.C. 

1.2 

MUZZLE  BRAKE 

4.199 

238126 

0.840 

1190632 

1.2.1 

MUZZLE  BRAKE 

4.199 

238126 

0.840 

1190632 

5765,5766  MUZZLE  BRAKE 

1 

18.926 

18.926 

3.634 

M198  DATA 

0.20 

0.727 

5786 

KEY 

1 

0.946 

0.946 

0.182 

M198  DATA 

0.20 

0.036 

5787 

TRUST  COLLAR 

1 

2.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

1.3 

BREECH 

39.820 

25113 

15.549 

64312 

1.3.1 

BREECH 

39.820 

25113 

15.549 

64312 

5789 

BREECH 

1 

121.704 

121.704 

23.367 

M109  DATA 

0.55 

12.852 

5816 

BAND  (OUTER  BREECH) 

1 

37.850 

37.850 

7.267 

M198  DATA 

0.17 

1.235 

5788 

BAND  (INNER  BREECH) 

1 

37.850 

37.850 

7.267 

M198  DATA 

0.17 

1.235 

6022-005 

KEY 

2 

0.946 

1.892 

0.363 

M198  DATA 

0.20 

0.073 

.... 

CLAMP 

4 

2.000 

8.000 

1.536 

ESTIMATE 

0.10 

0.154 

.... 

BOLT 

9 

0.011 

0.099 

0.019 

CATFAE  PRED 

N.C. 

N.C. 

1.4 

PRIMER  AUTOLOADER 

50.158 

19937 

10.533 

94937 

5802 

PRIMER  AUTOLOADER 

1 

261.240 

261 .240 

50.158 

ARROW  PRED+EST 

0.21 

10.533 

~  »tO\D  Z9T\C 

«i.n* 

2.0  CARRIAGE 

“8RN.  ERR 

ERR 

’  ERR 

2.1  CRADLE 

29.445  33962 

6.971 

143462 

2.1.1 

CRADLE 

18.169 

55038 

4.724 

211685 

5730,5831 

CRADLE 

1 

94.631 

94.631 

18.169 

Ml 98  DATA 

0.26 

4.724 

2.1.2 

SPEEDSHIFT  PEG 

11.276 

88687 

2.246 

445139 

5780 

BRACKET 

1 

3.000 

3.000 

0.576 

ESTIMATE 

0.20 

0.115 

5772 

CRADLE  STOP 

1 

0.500 

0.500 

0.096 

ESTIMATE 

0.20 

0.019 

5777 

GIM6EL  MOUNT 

3 

0.200 

0.600 

0.115 

ESTIMATE 

0.20 

0.023 

5776 

GIMBEL  SPEEDSHIFT 

1 

1.000 

1.000 

0.192 

ESTIMATE 

0.20 

0.038 

5790 

DISK 

1 

7.000 

7.000 

1.344 

ESTIMATE 

0.20 

0.269 

5773 

LOCK  HOUSING 

1 

0.500 

0.500 

0.096 

ESTIMATE 

0.20 

0.019 

(*)  FAILURE  PER  MILLION  HOURS  -  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FACTOR 
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IT HO  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  19-Mar-86  ) 


I 

« 

B 

8 

S 

8 

8 

8 


I 

i 


8 

1 

8 


BLOCK 

1  BASIC  (F3)  RELIABILITY  PREDICTION 

1 M I SSI ON  CRITICAL 

(FI)  PRED 

CODE/ 

FAILURE 

RATE 

BLOCK 

FLR  RATE 

BLOCK 

PART 

NOMENCLATURE 

OTY 

(FLR/HOUR 

(FLR/ROUNO 

MRBF 

DATA  SOURCE 

F1/F3 

(FLR/ROUNO 

MRBF 

NUMBER 

10X-6)  * 

10X-6)** 

(rnds) 

10X-6) 

(rounds) 

5778 

LOCK  HANDLE 

1 

14.300 

14.300 

2.746 

AVCO 

0.20 

0.549 

6013- 

SPRING 

1 

2.310 

2.310 

0.444 

AVCO 

0.20 

0.089 

6002- 

BOLT 

11 

0.011 

0.121 

0.023 

CATFAE  PRED 

N.C. 

N.C. 

6003- 

NUT 

8 

0.011 

0.088 

0.017 

CATFAE  PRED 

N.C. 

N.C. 

5771 

NUT  (SPEEDSHIFT  PIVOT) 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

6005- 

WASHER 

8 

0.002 

0.016 

0.003 

CATFAE  PRED 

N.C. 

N.C. 

6007- 

PIN 

8 

0.374 

2.992 

0.574 

AVCO 

0.20 

0.115 

6006- 

BEARING 

4 

3.790 

15.160 

2.911 

RADC  (NPRD-3) 

0.20 

0.582 

5774,5775 

BUSHING  (DISK) 

2 

4.570 

9.140 

1.755 

RADC  (NPRD-3) 

0.20 

0.351 

.2 

TRAILS 

123.249 

8iu  : 

18.207 

54923 

.2.1 

TRAIL  STRUCTURE 

78.626 

12718 

7.837 

127593 

5841,5897 

UPPER  TRAIL 

2 

40.650 

81.300 

15.610 

M198  DATA  ♦  EST 

0.10 

1.561 

5842,5898 

LOWER  REAR  TRAIL 

2 

20.320 

40.640 

7.803 

M198  DATA  ♦  EST 

0.10 

0.780 

5843,5899 

LOWER  FRONT  TRAIL 

2 

30.480 

60.960 

11.704 

M198  DATA  ♦  EST 

0.10 

1.170 

5845 

FRONT  BULKHEAD 

2 

4.060 

8.120 

1.559 

M198  DATA  ♦  EST 

0.10 

0.156 

5846 

WHEEL  BULKHEAD 

2 

4.060 

8.120 

1.559 

M198  DATA  ♦  EST 

0.10 

0.156 

5931 

MIDDLE  BULKHEAD 

2 

4.060 

8.120 

1.559 

M198  DATA  ♦  EST 

0.10 

0.156 

5932 

REAR  BULKHEAD 

2 

4.060 

8.120 

1.559 

M198  DATA  ♦  EST 

0.10 

0.156 

5933.5934 

LATTICE 

24 

6.770 

162.480 

31.196 

Ml 98  DATA  +  EST 

0.10 

3.120 

5834,5835 

PIN  (TRAIL  CLEVIS) 

64 

0.374 

23.936 

4.596 

AVCO 

0.10 

0.460 

5844 

SPACER 

128 

0.002 

0.256 

0.049 

ESTIMATE 

N.C. 

N.C. 

5857,5858 

X-RING 

64 

0.100 

6.400 

1.229 

ESTIMATE 

0.10 

0.123 

6002-016 

BOLT  (BULKHEAD) 

48 

0.011 

0.528 

0.101 

CATFAE  PRED 

N.C. 

N.C. 

6003-007 

NUT  (BULKHEAD) 

48 

0.011 

0.528 

0.101 

CATFAE  PRED 

N.C. 

N.C. 

2.2 

TRAIL  PIN 

21.001 

47617 

5.237 

190958 

6009-003 

SCREW 

4 

0.011 

0.044 

0.008 

CATFAE  PRED 

0.25 

0.002 

6005-010 

WASHER 

4 

0.002 

0.008 

0.002 

CATFAE  PRED 

0.25 

0.000 

6026-001 

BEARING  PIN 

4 

14.300 

57.200 

10.982 

AVCO 

0.25 

2.746 

6006-012 

BEARING 

4 

3.790 

15.160 

2.911 

RADC  (NPRD-3) 

0.25 

0.728 

6024-001 

BUSHING  (RETAINER) 

4 

4.570 

18.280 

3.510 

RADC  (NPRD-3) 

0.25 

0.877 

6025-001 

RETAINER 

4 

0.010 

0.040 

0.008 

ESTIMATE 

0.25 

0.002 

6010-005 

SNAP  RING 

4 

0.004 

0.016 

0.003 

ESTIMATE 

0.25 

0.001 

6006-011 

BUSHING  (TRAIL  BEARING) 

4 

4.570 

18.280 

3.510 

RADC  (NPRD-3) 

0.25 

0.877 

6003-006 

NUT 

16 

0.011 

0.176 

0.034 

CATFAE  PRED 

0.05 

0.002 

6002-015 

BOLT 

16 

0.011 

0.176 

0.034 

CATFAE  PRED 

0.05 

0.002 

2.3  LIFTING  HANDLE 

16.773 

59620 

4.035 

247808 

5891 

LIFTING  HANOLE 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.05 

0.038 

6004-003 

STUD 

2 

0.051 

0.102 

0.020 

RADC  (NPRD-3) 

0.05 

0.001 

6005-019 

WASHER 

4 

0.002 

0.008 

0.002 

CATFAE  PRED 

0.05 

0.000 

5770 

LOCK  ARM 

2 

5.000 

10.000 

1.920 

ESTIMATE 

0.25 

0.480 

6012-001 

PULL  PIN 

2 

14.300 

28.600 

5.491 

AVCO 

0.25 

1.373 

5762 

LOCK  PLATE 

2 

3.000 

6.000 

1.152 

ESTIMATE 

0.25 

0.288 

6002-010 

BOLT 

2 

0.011 

0.022 

0.004 

CATFAE  PRED 

0.25 

0.001 

6003- 

NUT 

6 

0.011 

0.066 

0.013 

CATFAE  PRED 

0.25 

0.003 

6011-001 

SPACE  CYLINDER 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.25 

0.096 

6006-016 

BUSHING 

8 

4.570 

36.560 

7.020 

RADC  (NPRD-3) 

0.25 

1.755 

.2.4  1 

GROUND  PAD 

2.398 

416931 

0.234 

4274705 

5832,5833 

GROUND  PAD 

2 

3.316 

6.632 

1.273 

RADC  (NPRD-3) 

0.10 

0.127 

5856 

SPACER 

2 

2.776 

5.552 

1.066 

RADC  (NPRD-3) 

0.10 

0.107 

6002-017 

BOLT 

14 

0.011 

0.154 

0.030 

CATFAE  PRED 

N.C. 

N.C. 

6003-008 

NUT 

14 

0.011 

0.154 

0.030 

CATFAE  PRED 

N.C. 

N.C. 

.2.5  I 

CRADLE/TRAIL  TIE-IN 

4.450 

224709 

0.864 

1157606 

5855 

SLOTTED  PLATE 

4 

3.000 

12.000 

2.304 

ESTIMATE 

0.20 

0.461 

5854 

SHIM 

4 

0.100 

0.400 

0.077 

ESTIMATE 

0.20 

0.015 

5863 

LUC 

4 

0.524 

2.096 

0.402 

RADC  (NPRD-3) 

0.20 

0.080 

(•)  FAILURE  PER  MILLION  HOURS  •  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FACTOR 
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LTHO  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  19-Mar-86  > 


BLOCK 

COOE/ 

PART 

NUMBER 

NOMENCLATURE 

OTY 

BASIC  (F3)  RELIABILITY  PREDICTION 
FAILURE  RATE  BLOCK 

(FLR/HOUR  (FLR/ROUNO  MRBF 

10X-6)  *  10X-6)**  (rnd*) 

DATA  SOURCE 

MISSION  CRITICAL 
FLR  RATE 

F1/F3  ( FLR/ROUND 
10X-6) 

(FI)  PRED 
BLOCK 

MRBF 

(rounds) 

5864,5865 

SUPPORT  BAR 

3 

2.000 

6.000 

1.152 

ESTIMATE 

0.20 

0.230 

5866 

LINK 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

6002- 

BOLT 

31 

0.011 

0.341 

0.065 

CATFAE  PRED 

N.C. 

N.C. 

6003- 

NUT 

31 

0.011 

0.341 

0.065 

CAT  FAE  PRED 

N.C. 

N.C. 

2.3 

GIMBAL 

11.971 

83539 

2.978 

335796 

2.3.1 

GIMBAL 

3.840 

260415 

0.960 

1041660 

5810 

GIMBAL 

1 

20.000 

20.000 

3.840 

ESTIMATE 

0.25 

0.960 

2.3.2 

GIMBAL  BEARING 

8.130 

122994 

2.018 

495542 

6007- 

PIN  (GIM8AL/TRAVERSE) 

2 

14.300 

28.600 

5.491 

AVCO 

0.25 

1.373 

5935 

SLEEVE 

1 

4.570 

4.570 

0.877 

RADC  (NPRD-3) 

0.25 

0.219 

5936 

SPACER 

1 

0.002 

0.002 

0.000 

ESTIMATE 

0.25 

0.000 

5937 

COVER 

1 

0.500 

0.500 

0.096 

ESTIMATE 

0.10 

0.010 

6002- 

BOLT 

2 

0.011 

0.022 

0.004 

CATFAE  PRED 

0.25 

0.001 

6005- 

WASHER 

3 

0.002 

0.006 

0.001 

CATFAE  PRED 

0.05 

0.000 

6006- 

BEARING 

2 

3.790 

7.580 

1.455 

RADC  (NPRD-3) 

0.25 

0.364 

6010- 

SNAP  RING 

4 

0.004 

0.016 

0.003 

ESTIMATE 

0.25 

0.001 

6030-001 

O-RING 

1 

1.050 

1.050 

0.202 

RADC  (NPRD-3) 

0.25 

0.050 

2.4 

PLATFORM 

10.640 

93985 

2.597 

385098 

2.4.1 

PLATFORM 

3.840 

260415 

0.960 

1041660 

5800 

PLATFORM 

1 

20.000 

20.000 

3.840 

ESTIMATE 

0.25 

0.960 

2.4.2 

PLATFORM/TRAIL  CONNECTOR 

6.800 

147061 

1.637 

610973 

.... 

HANDLE 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.10 

0.038 

.... 

BOLT  (SPRING  LOADED) 

2 

14.300 

28.600 

5.491 

AVCO  ♦  ESTIMATE 

0.25 

1.373 

6013-001 

SPRING 

2 

2.310 

4.620 

0.887 

AVCO 

0.25 

0.222 

6010-006 

SNAP  RING 

2 

0.004 

0.008 

0.002 

ESTIMATE 

0.10 

0.000 

6002-029 

BOLT 

4 

0.011 

0.044 

0.008 

CATFAE  PRED 

0.10 

0.001 

6003- 

NUT 

4 

0.011 

0.044 

0.008 

CATFAE  PRED 

0.10 

0.001 

6001-004 

ADHESIVE 

2 

0.050 

0.100 

0.019 

ESTIMATE 

0.10 

0.002 

2.5 

WHEEL  SYSTEM 

208.877 

4788 

37.452 

26701 

2.5.1 

PIN  ASSEMBLY 

12.522 

79857 

4.150 

240958 

5730 

PIVOT  PIN 

2 

14.300 

28.600 

5.491 

AVCO 

0.50 

2.746 

6005-002 

THRUST  WASHER 

8 

0.002 

0.016 

0.003 

CATFAE  PRED 

0.05 

0.000 

6002-001 

BOLT  (PIVOT) 

2 

0.011 

0.022 

0.004 

CATFAE  PRED 

0.05 

0.000 

6003-001 

NUT  (PIVOT) 

2 

0.011 

0.022 

0.004 

CATFAE  PRED 

0.05 

0.000 

6006  001 

BUSHING  (PIVOT) 

8 

4.570 

36.560 

7.020 

RADC  (NPRD-3) 

0.20 

1.404 

2.5.2 

BEAN  ASSEMBLY 

20.626 

48484 

4.152 

240846 

5794,5796 

LEADING  BEAM 

2 

3.570 

7.140 

1.371 

M198  DATA 

0.30 

0.411 

5795,5797 

LAGGING  BEAM 

2 

3.570 

7.140 

1.371 

M198  DATA 

0.30 

0.411 

5807 

PIN  (CROSS  SUPPORT) 

4 

0.374 

1.496 

0.287 

AVCO 

0.20 

0.057 

5736 

CAP  (AXLE  BEAM  END) 

8 

0.500 

4.000 

0.768 

ESTIMATE 

0.05 

0.038 

6002-002 

BOLT  (AXLE  CAP) 

16 

0.011 

0.176 

0.034 

CATFAE  PRED 

N.C. 

N.C. 

6005-004 

WASHER  (AXLE  CAP) 

16 

0.002 

0.032 

0.006 

CATFAE  PRED 

N.C. 

N.C. 

6005  006 

WASHER  (CYLINDER  PIVOT) 

8 

0.002 

0.016 

0.003 

CATFAE  PRED 

N.C. 

N.C. 

6006  003 

BUSHING  (CYLINDER  PIVOT) 

4 

4.570 

18.280 

3.510 

RADC  (NPRD-3) 

0.20 

0.702 

6006-004 

BUSHING  (SUPPORT  PIVOT) 

12 

4.570 

54.840 

10.529 

RADC  (NPRD-3) 

0.20 

2.106 

5803,5804 

CROSS  SUPPORT 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

5809 

HANDLE  LOCKING  (X-SUPPORT) 

2 

3.000 

6.000 

1.152 

ESTIMATE 

0.20 

0.230 

5812 

BRACKET  (CROSS  SUPPORT) 

2 

0.264 

0.528 

0.101 

AVCO 

0.20 

0.020 

(*)  FAILURE  PER  MILLION  HOURS  -  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (•*)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FACTOR 
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LTHD  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  19-M«r-86  ) 


BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE 

QTY 

BASIC  (F3)  RELIABILITY  PREDICTION 
FAILURE  RATE  BLOCK 

(FLR/HOUR  (FLR/ROUND  MRBF 

10X-6)  *  10X-6)**  (rods) 

DATA  SOURCE 

MISSION  CRITICAL 
FLR  RATE 

F1/F3  (FLR/ROUND 
10X-6) 

(FI)  PRED 
block 

MRBF 

(rounds) 

5813 

GUIDE  (SPRING) 

2 

0.500 

1.000 

0.192 

ESTIMATE 

0.05 

0.010 

6002-006 

BOLT  (SUPPORT  HANDLE  BRKT) 

4 

0.011 

0.044 

0.008 

CATFAE  PRED 

N.C. 

N.C. 

6003-005 

NUT  (SUPPORT  HANDLE  BRKT) 

2 

0.011 

0.022 

0.004 

CATFAE  PRED 

N.C. 

N.C. 

6002-007 

BOLT  (HANDLE  GUIDE) 

8 

0.011 

0.088 

0.017 

CATFAE  PRED 

N.C. 

N.C. 

6013-002 

SPRING 

2 

2.310 

4.620 

0.887 

AVCO 

0.10 

0.089 

6033 

LOCKUIRE 

2 

0.001 

0.002 

0.000 

RADC  (NPRD-3) 

0.10 

0.000 

2.5.3 

WHEEL  ASSEMBLY 

77.575 

12891 

14.385 

69515 

5738 

TIRE 

4 

31.523 

126.092 

24.210 

M198  DATA 

0.30 

7.263 

5739 

WHEEL 

4 

1.342 

5.368 

1.031 

M198  DATA 

0.30 

0.309 

6020,6021 

1  VALVE  STEM  AND  CAP 

4 

0.466 

1.864 

0.358 

M198  DATA  ♦  EST 

0.30 

5741 

HUB 

4 

3.354 

13.416 

2.576 

Ml 98  DATA 

0.62 

1.597 

5742 

CAP  (HUB) 

4 

1.500 

6.000 

1.152 

ESTIMATE 

run 

0.346 

6002-003 

BOLT  (HUB  CAP) 

32 

0.011 

0.352 

0.068 

CATFAE  PRED 

N.C. 

N.C. 

5743 

GREASE  SEAL 

8 

3.495 

27.960 

5.368 

RADC  (NPRD-3) 

0.10 

0.537 

5744 

NUT  (AXLE  BEARING) 

8 

1.110 

8.880 

1.705 

ESTIMATE 

0.24 

5745 

LOCKWASHER  (BEARING) 

8 

0.002 

0.016 

0.003 

CATFAE  PRED 

0.24 

0.001 

5746 

ROLLER  BEARING 

8 

6.540 

52.320 

10.046 

M198  DATA 

0.24 

2.411 

5747 

AXLE 

4 

1.342 

5.368 

1.031 

M198  DATA 

0.50 

0.515 

5748 

ROTOR  (DISC  BRAKE) 

4 

14.256 

57.024 

10.949 

M198  DATA 

0.08 

0.876 

6002-004 

BOLT  (ROTOR  DISC) 

24 

0.011 

0.264 

0.051 

CATFAE  PRED 

N.C. 

N.C. 

6003-044 

NUT  (WHEEL) 

32 

0.011 

0.352 

0.068 

CATFAE  PRED 

N.C. 

N.C. 

6005-005 

WASHER  (WHEEL  BOLT) 

32 

0.002 

0.064 

0.012 

CATFAE  PRED 

N.C. 

N.C. 

6019-010 

GREASE  ZURK 

8 

10.436 

83.488 

16.030 

RADC  (NPRD-3) 

N.C. 

N.C. 

6019-11 

RELIEF  VALVE  (CAP) 

8 

1.714 

13.712 

2.633 

RADC  (NPRD-3) 

N.C. 

N.C. 

6007-002 

PIN  (ROTOR) 

4 

0.374 

1.496 

0.287 

AVCO 

0.05 

0.014 

2.5.4 

BRAKE  SYSTEM 

98.153 

10188 

14.764 

67732 

5749 

BRAKE  CALIPER  (SERVICE) 

4 

57.023 

228.092 

43.794 

M198  DATA 

3.504 

6006-002 

BUSHING  (BRAKE) 

16 

1.443 

23.088 

4.433 

M198  DATA 

0.12 

0.532 

5753 

PIN  (BRAKE) 

8 

0.374 

2.992 

0.574 

AVCO 

0.05 

0.029 

5750 

PARK  BRAKE  CALIPER 

4 

18.112 

72.448 

13.910 

M198  DATA 

0.05 

0.696 

5827 

PIN  (PARK  BRAKE) 

4 

0.374 

1.496 

0.287 

AVCO 

0.05 

0.014 

5824 

SHAFT  (PARK  BRAKE) 

2 

3.444 

6.889 

1.323 

RADC  (NPRD-3) 

0.05 

0.066 

5825 

HEX  HEAD  (PARK  BRAKE) 

2 

0.011 

0.022 

0.004 

CATFAE  PRED 

0.05 

0.000 

5826 

BEARING  BLOCK  (PARK  BRAKE) 

4 

3.790 

15.160 

2.911 

RADC  (NPRD-3) 

0.05 

0.146 

6002-008 

BOLT  (BEARING  BLOCK) 

16 

0.011 

0.176 

0.034 

CATFAE  PRED 

N.C. 

N.C. 

5823 

ROD  END  (PARK  BRAKE) 

4 

0.336 

1.344 

0.258 

Ml 98  DATA 

0.05 

0.013 

5822 

ROO  (PARK  BRAKE) 

2 

0.671 

1.342 

0.258 

M198  DATA 

0.05 

0.013 

5819 

LEVER  (PARK  BRAKE) 

2 

4.695 

9.390 

1.803 

N198  DATA 

0.05 

0.090 

5751 

HYDRAULIC/AIR  ACTUATOR 

1 

50.459 

50.459 

9.688 

NPRD-3*ESTINATE 

0.50 

4.844 

5752 

RELAY  VALVE  (W  CHECK  V) 

1 

13.416 

13.416 

2.576 

M198  DATA 

0.14 

0.361 

5715 

AIR  TANK 

1 

0.671 

0.671 

0.129 

RADC  (NPRD-3) 

0.50 

0.064 

5757 

DRAIN  COCK 

1 

12.075 

12.075 

2.318 

M198  DATA 

0.15 

0.348 

5759 

AIR  FILTER 

2 

3.303 

6.606 

1.268 

RADC  (NPRD-3) 

0.05 

0.063 

5758 

FRAME  NIPPLE 

2 

0.466 

0.932 

0.179 

M198  DATA  ♦  EST 

0.35 

0.063 

5756 

AIR  HOSE  ASSEMBLY 

2 

3.466 

6.932 

1.331 

M198  DATA 

0.35 

0.466 

5755 

GLADHAND 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.10 

0.038 

5754 

HOSE  SUPPORT  BRACKET 

1 

0.264 

0.264 

0.051 

AVCO 

0.10 

0.005 

6027- 

PIPING  AND  FITTINGS 

12 

1.765 

21.180 

4.067 

RADC  (NPRD-3) 

0.35 

1.423 

6034- 

HOSE  AND  COUPLING 

10 

1.952 

19.520 

3.748 

RADC  (NPRD-3) 

0.35 

1.312 

6019- 

ELBOW  PIPING 

5 

0.767 

3.835 

0.736 

M198  DATA 

0.35 

0.258 

6019-006 

NIPPLE 

2 

0.466 

0.932 

0.179 

M198  DATA  ♦  EST 

0.35 

0.063 

6019-007 

UNION 

1 

1.715 

1.715 

0.329 

ESTIMATE 

0.35 

0.115 

6019-001 

ADAPTER 

6 

0.894 

5.364 

1.030 

M198  OATA 

0.05 

0.051 

6019-002 

TEE 

3 

0.932 

2.796 

0.537 

M198  DATA  ♦  EST 

0.35 

0.188 

6003002 

NUT 

4 

0.011 

0.044 

0.008 

CATFAE  PRED 

N.C. 

N.C. 

6017-002 

X- WASHER 

16 

0.002 

0.032 

0.006 

CATFAE  PRED 

N.C. 

N.C. 

2.6 

EQUILIBRATORS 

7.492 

133483 

4.733 

21130C 

2.6.1 

EQUIL1BRATOR  ACTUATOR  MOUNTS 

3.511 

284840 

1.434 

6971 '2 

5763 

TUBE 

1 

0.500 

0.500 

0.096 

ESTIMATE 

0.50 

0.048 

5779 

TUBE  (OUTSIDE) 

4 

0.500 

2.000 

0.384 

ESTIMATE 

0.50 

0.192 

5760 

CAP 

2 

0.100 

0.200 

0.038 

ESTIMATE 

0.20 

0.008 

(*)  FAILURE  PER  MILLION  HOURS  BASED  ON  GROUNO  MOBILE  ENVIRONMENT;  <*•>  5.2083  ROUNDS  PER  HOUR  CONVERSION  FAC’Ot 
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LTHD  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  19-Mar-86  ) 


fl 

I 

S 

I 

I 

fl 

I 

i 

I 

fl 

fl 

II 

I 

I 

fl 


BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE  OTY 

BASIC  (F3)  RELIABILITY  PREDICTION 
FAILURE  RATE  BLOCK 

(FLR/HOUR  (FLR/ROUND  MRBF 

10X-6)  *  10X-6)**  (rnds) 

DATA  SOURCE 

MISSION  CRITICAL 
FLR  RATE 

F1/F3  (FLR/ROUND 
10X-6) 

(Fl)  PRED 
BLOCK 
MRBF 

( rounds) 

5761 

TRAIL  NESTING  BUSHING 

2 

4.570 

9.140 

1.755 

RADC  (NPRD-3) 

0.50 

0.877 

5664 

CLAMP  SET 

3 

2.000 

6.000 

1.152 

ESTIMATE 

0.25 

0.288 

6004- 

STUD 

7 

0.051 

0.357 

0.069 

RADC  (NPRD-3) 

0.25 

0.017 

6003- 

NUT 

8 

0.011 

0.088 

0.017 

CATFAE  PRED 

0.25 

0.004 

6.2 

EOUILIBRATOR  CABLES 

5.736 

174331 

4.015 

249044 

5791 

CABLE 

2 

10.400 

20.800 

3.994 

VENDOR  DATA 

0.70 

2.796 

6006-007 

BEARING 

2 

3.790 

7.580 

1.455 

RADC  (NPRD-3) 

0.70 

1.019 

6007-004 

PIN 

4 

0.374 

1.496 

0.287 

AVCO 

0.70 

0.201 

7 

HYDRAULIC  SYSTEM 

514.374 

1944 

A 

^4568^ 

7.1 

SYSTEM  HYDRAULICS  (MI SC) 

43.702 

22882 

6.924 

144428 

.  .  *  . 

MANIFOLD  ASSY 

4 

7.390 

29.560 

5.676 

RADC  (NPRD-3) 

0.60 

3.405 

5906-001 

HAND  PUMP 

2 

50.449 

100.898 

19.373 

RADC  (NPRD-3) 

0.40 

7.749  2 

REDUNDANT 

5906-002 

PUMP  SELECTOR  VALVE 

2 

9.950 

19.900 

3.821 

NPRD - 3+EST I MAT  E 

0.60 

2.292  2 

REDUNDANT 

5906-003 

HYDRAULIC  ON/OFF  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3*ESTIMATE 

0.60 

1.146 

.... 

QUICK -DISCONNECT  CHECK  VLV 

3 

10.436 

31.308 

6.011 

RADC  (NPRD-3) 

0.50 

3.006 

5903  003 

SAFETY  RELIEF  VALVE 

1 

1.714 

1.714 

0.329 

RADC  (NPRD-3) 

0.50 

0.165 

.... 

HOSE  AND  COUPLING 

4 

1.952 

7.808 

1.499 

RADC  (NPRD-3) 

0.35 

0.525 

.... 

PIPING  AND  FITTINGS 

15 

1.765 

26.475 

5.083 

RADC  (NPRD-3) 

0.35 

1.779  10  REDUNDANT 

7.2 

TRAVERSE  HYDRAULICS 

29.044 

34430 

14.523 

68856 

5904,5905 

CANNON  LAY  TRAVERSE  VALVE 

4 

9.950 

39.800 

7.642 

NPRD -3+EST IMATE 

0.60 

4.585  4 

REDUNDANT 

5920 

TRAVERSE  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

.... 

TRAVERSE  BEAR  LOC 

1 

23.446 

23.446 

4.502 

NPRO-3  ♦  AVCO 

0.55 

2.476 

.... 

INTENSIFIES  (BEAR  LOCK) 

1 

5.500 

5.500 

1.056 

NPRD -3*EST IMATE 

0.60 

0.634 

5714 

TRAVERSE  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

.... 

HOSE  AND  COUPLING 

3 

1.952 

5.856 

1.124 

RADC  (NPRD-3) 

0.35 

0.394 

.... 

PIPING  AND  FITTINGS 

9 

1.765 

15.885 

3.050 

RADC  (NPRD-3) 

0.35 

1.067  4 

REDUNDANT 

6007-006 

PIN 

1 

0.374 

0.374 

0.072 

AVCO 

0.50 

0.036 

7.3 

ELEVATION  HYDRAULICS 

23.502 

42550 

11.439 

87420 

5904,5905 

CANNON  LAY  ELEVATION  VALVE 

4 

9.950 

39.800 

7.642 

NPRD -3+EST IMATE 

0.60 

4.585  4 

REDUNDANT 

5919 

ELEVATION  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5716 

ELEVATION  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRO-3) 

0.50 

4.844 

.... 

HOSE  AND  COUPLING 

2 

1.952 

3.904 

0.750 

RADC  (NPRD-3) 

0.35 

0.262 

.... 

PIPING  ANO  FITTINGS 

8 

1.765 

14.120 

2.711 

RADC  (NPRD-3) 

0.35 

0.949  4 

REDUNDANT 

6007  009 

PIN 

1 

0.374 

0.374 

0.072 

AVCO 

0.50 

0.036 

6006-013 

BEARING 

1 

3.790 

3.790 

0.728 

CATFAE  PRED 

0.20 

0.146 

6005-011 

WASHER 

2 

0.002 

0.004 

0.001 

CATFAE  PRED 

0.20 

0.000 

6017  001 

X-WASHER 

2 

0.002 

0.004 

0.001 

CATFAE  PRED 

0.20 

0.000 

7.4 

EQUILIBRATION  HYDRAULICS 

59.410 

16832 

28.063 

35635 

5893 

EQUILIBRATION  PRESSURE  VLV 

1 

9.950 

9.950 

1.910 

NPRD -3*EST IMATE 

0.60 

1.146 

5892 

EQUILIBRATION  VALVE  ON/OFF 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5915 

INTENSIFIES  (DOUBLE-ENDED) 

1 

44.692 

44.692 

8.581 

NPRD-3+ESTIMATE 

0.55 

4.720 

5720  002 

EQUILIBRATION  ACCUMULATOR 

1 

55.045 

55.045 

10.569 

RADC  (NPRD-3) 

0.30 

3.171 

5712,5712 

EQUILIBRATION  ACTUATOR 

2 

50.459 

100.918 

19.376 

RADC  (NPRD-3) 

0.50 

9.688 

ELEVATION  BEAR  LOC 

2 

23.446 

46.892 

9.003 

NPRD-3  ♦  AVCO 

0.55 

4.952 

INTENSIFIES  (BEAR  LOCK) 

1 

5.500 

5.500 

1.056 

NPRD ■ 3*EST IRATE 

0.60 

0.634 

5896 

PILOT  OPER  CHCK  VLV  W  SEAL 

1 

16.130 

16.130 

3.097 

NPRD-3+ESTIMATE 

0.40 

1.239 

PIPING  ANO  FITTINGS 

6 

1.765 

10.590 

2.033 

RADC  (NPRO-3) 

0.35 

0.712 

HOSE  ANO  COUPLING 

5 

1.952 

9.760 

1.874 

RADC  (NPRD-3) 

0.35 

0.656 

7.5 

STORED  PRESSURE  HYDRAULICS 

29.519 

33877 

9.169 

10906’ 

5894,5900 

VALVE  (PRESSURE  GAGE) 

2 

9.950 

19.900 

3.821 

NPR0-3*E ST IMATE 

0.20 

0.764 

5894,5900 

PRESSURE  GAGE 

2 

7.180 

14.360 

2.757 

RADC  (NPRD-3) 

0.05 

0.138 

5720  003 

RESERVOIR  ACCUMULATOR 

1 

55.045 

55.045 

10.569 

RADC  (NPRD-3) 

0.30 

3.171 

(•)  FAILURE  PER  MILLION  HOURS  -  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNOS  PER  HOUR  CONVERSION  FAC’OR 
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LTHD  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  19-Mar-86  ) 


BLOCK 

COOE/ 

PART 

NUMBER 

NOMENCLATURE 

QTY 

BASIC  (F3)  RELIABILITY  PREDICTION 
FAILURE  RATE  BLOCK 

(FLR/HOUR  (FLR/ROUND  MRBF 

10X-6)  *  10X-6)**  (rnds) 

DATA  SOURCE 

MISSION  CRITICAL 
FLR  RATE 

F1/F3  (FLR/ROUND 
10X-6) 

(FI)  PRED 
BLOCK 
MRBF 
( rounds) 

5978 

PILOT  OPER  CHCK  VLV  W  SEAL 

2 

16.130 

32.260 

6.194 

NPRD-3+ESTIMATE 

0.40 

2.478 

5720-005 

HYDRAULIC  FILTER 

1 

2.977 

2.977 

0.572 

RADC  (NPRD-3) 

0.30 

0.171 

5710-004 

CHECK  VALVE  (FILTER) 

2 

8.423 

16.846 

3.234 

RADC  (NPRD-3) 

0.50 

1.617 

.... 

PIPING  AND  FITTINGS 

7 

1.765 

12.355 

2.372 

RADC  (NPRD-3) 

0.35 

0.830 

2.7.6 

CANNON  POSITION  HYDRAULICS 

8.104 

123390 

3.624 

275951 

5895 

CANNON  POSITION  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+EST1MATE 

0.60 

1.146 

5976,5977  PILOT  OPER  CHCK  VLV  W  SEAL 

2 

16.130 

32.260 

6.194 

NPRD-3+ESTIMATE 

0.40 

2.478 

2.7.7 

RECOIL  &  C* RECOIL  HYDRAULICS 

150.444 

6647 

62.596 

15975 

5710-555 

RECOIL  CYLINDER 

2 

152.132 

304.264 

58.419 

Ml 09  DATA 

0.45 

26.289 

5710-315 

C1  RECOIL  CYLINDER 

1 

152.132 

152.132 

29.210 

Ml 09  DATA 

0.45 

13.144 

5710-310 

ENERGY  STORAGE  CYLINDER 

1 

152.132 

152.132 

29.210 

Ml 09  DATA 

0.45 

13.144 

5718,571? 

C1  RECOIL  ACCUMULATOR 

2 

55.045 

110.090 

21.137 

RADC  (NPRD-3) 

0.30 

6.341 

5912,5978 

CHECK  VALVE 

2 

8.423 

16.646 

3.234 

RADC  (NPRD-3) 

0.50 

1.617 

5913 

RELIEF  VALVE 

1 

1.714 

1.714 

0.329 

RADC  (NPRD-3) 

0.50 

0.165 

5914 

PRESSURE  REDUCING  VALVE 

1 

1.714 

1.714 

0.329 

RADC  (NPRD-3) 

0.50 

0.165 

5916 

CIRCUIT  BREAKER 

1 

10.733 

10.733 

2.061 

NPRD-3  ♦  AVCO 

N.C. 

N.C. 

5916 

ORIFICE 

1 

7.180 

7.180 

1.379 

RADC  (NPRD-3) 

N.C. 

N.C. 

5947 

ROD/PISTON  (RECOIL) 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.45 

0.173 

5948 

ROO/PISTON  (C'RECOIL) 

2 

2.050 

4.100 

0.787 

NPRD-3+ESTIMATE 

0.45 

0.354 

5949 

ORIFICE  ROO 

2 

2.150 

4.300 

0.826 

NPRD-3+ESTIMATE 

0.45 

0.372 

5950 

GUIDE  ROO 

2 

2.150 

4.300 

0.826 

NPRD-3+ESTIMATE 

0.45 

0.372 

5951 

END  CAP 

8 

1.000 

8.000 

1.536 

ESTIMATE 

0.20 

0.307 

5952 

WASHER  (END  CAP) 

4 

0.002 

0.008 

0.002 

CATFAE  PRED 

0.20 

0.000 

5954 

COLLAR  (END  CAP) 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.20 

0.154 

5955 

NUT  (END  CAP) 

4 

0.011 

0.044 

0.008 

CATFAE  PRED 

0.05 

0.000 

2.7.8 

BREECH  HYDRAULICS 

25.352 

39445 

12.029 

83132 

5900-001 

BREECH  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIHATE 

0.60 

1.146 

5725 

BREECH  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

5725-001 

CHECK  VALVE 

1 

8.423 

8.423 

1.617 

RADC  (NPRD-3) 

0.50 

0.809 

5922 

PILOT  OPER  CTRL  FLOW  VALVE 

2 

24.553 

49.106 

9.428 

NPRD-3+ESTIHATE 

0.45 

4.243 

.... 

PIPING  AND  FITTINGS 

5 

1.765 

8.825 

1.694 

RADC  (NPRD-3) 

0.35 

0.593 

.... 

HOSE  AND  COUPLING 

2 

1.952 

3.904 

0.750 

RADC  (NPRD-3) 

0.35 

0.262 

.... 

LINK 

1 

1.000 

1.000 

0.192 

ESTIMATE 

0.50 

0.096 

5725 

PIN 

1 

0.374 

0.374 

0.072 

AVCO 

0.50 

0.036 

2.7.9 

INERTIAL  RAMMING  HYDRAULICS 

19.967 

50084 

10.140 

98618 

5900-002 

VALVE  (RAM/RETRACT/CREEP) 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

5902 

DEINTENSIFIER 

1 

36.750 

36.750 

7.056 

ESTIMATE 

0.55 

3.881 

5729-001 

AIR  FILTER 

1 

3.303 

3.303 

0.634 

RADC  (NPRD-3) 

0.05 

0.032 

5729 

INERTIAL  RAMMING  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

.... 

PIPING  AND  FITTINGS 

2 

1.765 

3.530 

0.678 

RADC  (NPRD-3) 

0.35 

0.237 

2.7.10 

LOAD  POSITION  HYDRAULICS 

22.291 

44861 

10.998 

90929 

5900  003 

VALVE  (BATTERY/LOAD) 

1 

9.950 

9.950 

1.910 

nprd-3*estimate 

0.60 

1.146 

5728 

LOAD  POSITION  ACTUATOR 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

5921,5971 

PILOT  OPER  CHCK  VLV  W  SEAL 

2 

16.130 

32.260 

6.194 

NPRD-3+ESTIMATE 

0.40 

2.478 

5917 

BATTERY  VALVE 

1 

9.950 

9.950 

1.910 

nprd-3*estimate 

0.60 

1.146 

5918 

LOAD  POSITION  VALVE 

1 

9.950 

9.950 

1.910 

NPRD-3*ESTIMATE 

0.60 

1.146 

.... 

PIPING  AND  FITTINGS 

2 

1.765 

3.530 

0.678 

RADC  (NPRD-3) 

0.35 

0.237 

2.7.11 

WHEEL  HYDRAULICS 

68.380 

14624 

32.464 

30804 

5910 

WHEEL  HYDRAULIC  VALVE 

8 

9.950 

79.600 

15.283 

NPRD- 3+ESTIMATE 

0.60 

9.170 

?•>??•> 

WHEEL  ACTUATOR 

4 

50.459 

201.836 

38.753 

RADC  (NPRD-3) 

0.50 

19.376 

LINKAGE  (WHEEL  ACT  VALVE) 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.50 

0.384 

BURST  PLUG 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.50 

0.384 

5903  001 

CIRCUIT  BREAKER 

2 

10.733 

21.466 

4.121 

NPRD-3  ♦  AVCO 

N.C. 

N.C. 

.... 

HOSE  AND  COUPLING 

14 

1.952 

27.328 

5.247 

RADC  (NPRD-3) 

0.35 

1.836 

(*)  FAILURE  PER  MILLION  HOURS  ■  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FAC’D* 
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LTHD  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  19-Mar-86  ) 


PIPING  AND  FITTINGS 
PIN  JOINT 
RETAINING  RING 


PRIMER  HYDRAULICS 


5900-004 

5726 

5922 


PRIMER  VALVE 
PRIMER  ACTUATOR 


PIPING  AND  FITTINGS 


LANYARD  HYDRAULICS 


5900-005 

5727 

5922 


LANYARD  VALVE 
PRIMER  ACTUATOR 
PILOT  OPER  CTRL  FLOW  VALVE 
PIPING  AND  FITTINGS 


LOAD  TRAY 


LOAD  TRAY 


LOAD  TRAY 
WEARSTRIP 

BASE  SPRING  (PROJECTILE) 
STRIP  (BACKSTOP) 

BRACKET  (BACKSTOP) 
RETAINER  PLATE 
ROD 

FORWARD  PLATE 
AFT  PLATE 
FORWARD  STRUT 
REAR  STRUT 
BLOCK  (CLEVIS) 

PIVOT  PIN 
HOUSING 
SUPPORT 
PAD  (BEARING) 

SLEEVE 
ROLLER 
SUPPORT 
TOP  PLATE 
ROLLER 

PAD  (BEARING) 

FRAME 
PIVOT  PIN 
PIN  (HEADED) 

WASHER  (BUMPER) 

SPACER 
BOLT,  SCREW 
NUT 

WASHER 

BUSHING 

BEARING 


5929,5930, 

5940 

5939  BRACKET  (ROLLER  MOUNT) 

5908  SPACER 

5798  BUTTON  (GUIDE) 

5924  SUPPORT  (FORWARD  TRACK) 

5925,5926  TRACK  (FORWARD,  CENTER) 
5888,5889  HINGE  (BRACKET  INNER) 
5928,5938  GUIDE  (REAR  TRACK) 
5731,5734  TIE  BAR 


BAR  (TRACK  SUPPORT) 


BASIC  (F3)  RELIABILITY  PREDICTION  [ 

MISSION  CRITICAL 

(FI)  PRED 

FAILURE 

RATE 

BLOCK 

FLR  RATE 

BLOCK 

QTY 

( FLR/HOUR 

(FLR/ROUND 

MRBF 

DATA  SOURCE 

F1/F3 

(FLR/ROUND 

MRBF 

10X-6)  * 

10X-6)** 

(rods) 

10X-6) 

( rounds) 

8 

1.765 

14.120 

2.711 

RADC  (NPRD-3) 

0.35 

0.949 

8 

0.374 

2.992 

0.574 

AVCO 

0.50 

0.287 

8 

0.100 

0.800 

0.154 

ESTIMATE 

0.50 

0.077 

17.329 

57705 

8.468 

118098 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

:  i 

24.553 

24.553 

4.714 

NPRD-3+ESTIMATE 

0.45 

2.121 

3 

1.765 

5.295 

1.017 

RADC  (NPRD-3) 

0.35 

0.356 

17.329 

57705 

8.468 

118098 

1 

9.950 

9.950 

1.910 

NPRD-3+ESTIMATE 

0.60 

1.146 

1 

50.459 

50.459 

9.688 

RADC  (NPRD-3) 

0.50 

4.844 

:  i 

24.553 

24.553 

4.714 

NPRD-3+ESTIMATE 

0.45 

2.121 

3 

1.765 

5.295 

1.017 

RADC  (NPRD-3) 

0.35 

0.356 

ERR 

ERR 

i 

ERR 

ERR 

ERR 

ERR 

1 

20.284 

20.284 

3.895 

Ml 09  DATA 

0.20 

0.779 

3 

1.000 

3.000 

0.576 

ESTIMATE 

0.05 

0.029 

2 

? 

ERR 

ERR 

ESTIMATE 

0.10 

ERR 

1 

1.000 

1.000 

0.192 

ESTIMATE 

0.05 

0.010 

2 

0.264 

0.528 

0.101 

AVCO 

0.20 

0.020 

4 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

4 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

4 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

4 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

4 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

16  | 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

4 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

16 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

4 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

1 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

2 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

221 

0.011 

2.431 

0.467 

CATFAE  PRED 

0.20 

0.093 

183 

0.011 

2.013 

0.386 

CATFAE  PRED 

N.C. 

N.C. 

262 

0.002 

0.524 

0.101 

CATFAE  PRED 

N.C. 

N.C. 

5 

4.570 

22.850 

4.387 

RADC  (NPRD-3) 

0.50 

2.194 

8 

3.790 

30.320 

5.821 

RADC  (NPRD-3) 

0.70 

4.075 

ERR 

ERR 

ERR 

ERR 

3 

1.000 

3.000 

0.576 

ESTIMATE 

0.20 

0.115 

4 

0.264 

1.056 

0.203 

AVCO 

0.20 

0.041 

1 

7 

ERR 

ERR 

AVCO 

0.20 

ERR 

4 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

1 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

3 

22.312 

66.936 

12.852 

Ml 09  DATA  ♦  EST 

0.20 

2.570 

8 

3.800 

30.400 

5.837 

ESTIMATE 

0.20 

1.167 

2 

22.312 

44.624 

8.568 

M109  DATA  ♦  EST 

0.20 

1.714 

7 

1.000 

7.000 

1.344 

ESTIMATE 

0.20 

0.269 

(*)  FAILURE  PER  MILLION  HOURS  -  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FACTOR 
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LTHD  SYSTEM  RELIABILITY  PREDICTION  WORKSHEET  (AS  OF  1?-Mar-86  ) 


BLOCK 

BASIC  (F3)  RELIABILITY  PREDICTION 

MISSION  CRITICAL 

(FI)  PRED 

CODE/ 

FAILURE 

RATE 

BLOCK 

FLR  RATE 

BLOCK 

PART 

NOMENCLATURE 

QTY 

(FLR/HOUR 

(FLR/ROUND 

MRBF 

DATA  SOURCE 

F1/F3 

(FLR/ROUND 

MRBF 

NUMBER 

10X-6)  * 

10X-6)** 

(rods) 

10X-6) 

(rounds) 

5927 

TRACK  (REAR) 

2 

22.312 

44.624 

8.568 

M109  DATA  ♦  EST 

0.20 

1.714 

5735 

PLATE 

8 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

5784 

STIFFENER 

4 

? 

ERR 

ERR 

AVCO 

0.20 

ERR 

6007012 

PIVOT  PIN 

4 

14.300 

57.200 

10.982 

AVCO 

0.50 

5.491 

6002- 

BOLT 

68 

0.011 

0.748 

0.144 

CATFAE  PREO 

0.20 

0.029 

6003- 

NUT 

96 

0.011 

1.056 

0.203 

CATFAE  PRED 

N.C. 

N.C. 

6005- 

WASHER 

150 

0.002 

0.300 

0.058 

CATFAE  PRED 

N.C. 

N.C. 

6006- 

BUSHING 

12 

4.570 

54.840 

10.529 

RADC  (NPRD-3) 

0.50 

5.265 

2.8.3 

SHOCK  MOUNT 

ERR 

ERR 

ERR 

ERR 

5941 

SHOCK  A8SORBER  (FRONT) 

2 

7 

ERR 

ERR 

RADC  (NPRD-3) 

0.50 

ERR 

5982 

BAR  (STOP) 

1 

? 

ERR 

ERR 

RADC  (NPRD-3) 

0.50 

ERR 

5942 

SHOCK  (MAIN) 

2 

? 

ERR 

ERR 

RADC  (NPRD-3) 

0.50 

ERR 

5872,5873, 

SHOCK  MOUNT 

4 

1.000 

4.000 

0.768 

ESTIMATE 

0.20 

0.154 

5874 

5875 

BRACKET 

1 

0.264 

0.264 

0.051 

AVCO 

0.20 

0.010 

5876,5836 

GUIDE  (SHOCK  MOUNT) 

4 

11.000 

44.000 

8.448 

Ml 09  DATA  ♦  EST 

0.30 

2.534 

5877 

MOUNT  (PROJECTILE  STOP) 

1 

2.776 

2.776 

0.533 

RADC  (NPRD-3) 

0.50 

0.266 

5878 

PAD  (PROJECTILE  STOP) 

1 

3.316 

3.316 

0.637 

RADC  (NPRD-3) 

0.50 

0.318 

5880 

CUSHION 

1 

3.316 

3.316 

0.637 

RADC  (NPRD-3) 

0.20 

0.127 

5879 

MOUNT  (PAD) 

1 

2.776 

2.776 

0.533 

RADC  (NPRD-3) 

0.20 

0.107 

5882 

PIN  (PROJ  STOP  PAD) 

1 

14.300 

14.300 

2.746 

AVCO 

0.50 

1.373 

5983 

GUIDE  (SHOCK  PLUNGER) 

2 

? 

ERR 

ERR 

RADC  (NPRD-3) 

0.50 

ERR 

5984 

SPACER 

16 

? 

ERR 

ERR 

RADC  (NPRD-3) 

0.50 

ERR 

5991 

BLOCK  (STRIKER) 

1 

7 

ERR 

ERR 

RADC  (NPRD-3) 

0.50 

ERR 

5992 

ROD 

2 

7 

ERR 

ERR 

RADC  (NPRD-3) 

0.50 

ERR 

6002- 

BOLT,  SCREW 

44 

0.011 

0.484 

0.093 

CATFAE  PRED 

0.20 

0.019 

6003- 

NUT 

30 

0.011 

0.330 

0.063 

CATFAE  PRED 

N.C. 

N.C. 

6005- 

WASHER 

88 

0.002 

0.176 

0.034 

CATFAE  PRED 

N.C. 

N.C. 

6006- 

SLEEVE 

26 

7 

ERR 

ERR 

RADC  (NPRD-3) 

0.70 

ERR 

2.9 

SPADE 

7.403 

135081 

2.762 

362086 

2.9.1 

SPADE 

7.403 

135081 

2.762 

362086 

5820,5821 

SPADE 

1 

37.853 

37.853 

7.268 

Ml 98  DATA 

0.38 

2.762 

6002-011 

BOLT  (SPADE/PLATFORM) 

64 

0.011 

0.704 

0.135 

CATFAE  PRED 

N.C. 

N.C. 

3.0 

FIRE  CONTROL 

1411.46 

708 

175.83 

5687 

3.1 

ASSISTANT  GUNNER  t  GUNNER 

1409.947 

709 

175.528 

5697 

ELBOW  TELESCOPE 

1 

643.496 

643.496 

123.552 

M198  DATA 

N.C. 

N.C. 

Ml 72  MT,  TELE,  QUAD 

1 

132.484 

132.484 

25.437 

M198  DATA 

0.18 

4.579 

REDUNDANT 

M18  FIRE  CONTROL  QUADRANT 

1 

1343.771 

1343.771 

258.006 

M198  DATA 

0.23 

59.341 

REDUNDANT 

M17  FIRE  CONTROL  QUADRANT 

1 

1059.876  1059.876 

203.497 

M198  DATA 

0.23 

46.80a 

REDUNDANT 

M137  PANORAMIC  TELESCOPE 

1 

3217.480  3217.480 

617.760 

M198  DATA 

0.23 

142.085 

Ml 71  MT,  TELE,  QUAD 

1 

946.318 

946.318 

181.694 

M198  DATA 

0.18 

32.705 

3.2 

FIRE  CONTROL  LINKAGE 

1.517 

659278 

0.303 

3296392 

TRUNNION  TUBE 

1 

0.500 

0.500 

0.096 

ESTIMATE 

0.20 

0.019 

END  CAP 

2 

0.200 

0.400 

0.077 

ESTIMATE 

0.20 

0.015 

SIDE  SUPPORT  STRUT 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

ACTUATOR  STRUT 

1 

1.000 

1.000 

0.192 

ESTIMATE 

0.20 

0.038 

SHORT  STRUT 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

SUPPORT  STRUT 

2 

1.000 

2.000 

0.384 

ESTIMATE 

0.20 

0.077 

Pfit- T  *• 
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r AGE  1  LTHD  SYSTEM  MAINTAINABILITY  PREDICTION  WORKSHEET  (AS  OF  17-Mar-86  ) 


BLOCK 

CODE/ 

PART  NOMENCLATURE  QTY 

NUMBER 

FAILURE  RATE  MEAN  TIME  TO  REPAIR 

(FLR/HR  10X-6)  AVE  MAINTENANCE  TASK  TIMES  ORG  DIR  INHERENT 

ORG  DIRECT  (minutes)  COMB  SPPRT  SPPRT  AVAIL  - 

SPPRT  SPPRT  LC  IS  DS  EX  RE  AL  CH  (hrs)  (hrs)  (hrs)  ABILITY 

LIGHTWEIGHT  TOWED  HOWITZER  DEMONSTRATOR 

ERR  ERR  ERR  ERR  ERR  ERR 

1 . 0  CANNON 

227.291  356.816  2.10  0.81  2.92  0.998775 

1.1  TUBE  ASSEMBLY 

28.112  65.587  6.40  1.59  8.47  0.999396 

jl.1.1 

TUBE  ASSEMBLY 

28.112 

65.587 

6.40 

1.59 

8.47  0.999396 

5767 

TUBE  (BARREL) 

1 

9.652 

47.127 

9.98 

3.93 

11.22 

5781- 

COLLAR  SET 

8 

8.000 

8.000 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6016-001 

EXTRUSION  RAIL 

2 

1.000 

1.000 

7 

7 

7 

0 

7 

7 

7 

0.70 

0.28 

1.12 

6022- 

KEY 

20 

9.460 

9.460 

6 

6 

6 

6 

6 

6 

6 

0.70 

0.28 

1.12 

6002- 

BOLT 

40 

6003-009 

NUT 

20 

1.2 

MUZZLE  BRAKE 

6.763 

15.109 

0.83 

0.47 

1.00  0.999982 

1.2.1 

MUZZLE  BRAKE 

6.763 

15.109 

0.83 

0.47 

1.00  0.999982 

5765,5766  MUZZLE  BRAKE 

1 

5.489 

13.437 

0.85 

0.50 

0.99 

5786 

KEY 

1 

0.274 

0.672 

0.85 

0.50 

0.99 

5787 

TRUST  COLLAR 

1 

1.000 

1.000 

7 

7 

7 

0 

7 

7 

7 

0.70 

0.28 

1.12 

1.3 

BREECH 

61.796 

145.500 

2.19 

1.71 

2.40  0.999546 

1.3.1 

BREECH 

61.796 

145.500 

2.19 

1.71 

2.40  0.999546 

5789 

BREECH 

1 

35.294 

86.410 

2.94 

2.50 

3.12 

5816 

BAND  (OUTER  BREECH) 

1 

10.977 

26.874 

1.02 

0.61 

1.19 

5788 

BAND  (INNER  BREECH) 

1 

10.977 

26.874 

1.02 

0.61 

1.19 

6022-005 

KEY 

2 

0.549 

1.343 

0.85 

0.50 

0.99 

.... 

CLAMP 

4 

4.000 

4.000 

12 

12 

12 

60 

12 

12 

12 

2.20 

0.88 

3.52 

.... 

BOLT 

9 

1.4 

PRIMER  AUTOLOADER 

130.620 

130.620 

0.58 

0.23 

0.93  0.9998h8 

5802 

PRIMER  AUTOLOADER 

1 

130.620 

130.620 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

2.0 

CARRIAGE 

ERR 

ERR 

ERR 

ERR 

ERR  ERR 

" - - 

2.1  CRADLE 

36.821 

116.312 

6.15 

1.31 

7.68  0.999058 

2.1.1 

CRADLE 

7.570 

87.061 

9.12 

4.28 

9.54  0.999138 

5730,5831 

CRADLE 

1 

7.570 

87.061 

9.12 

4.28 

9.54 

2.1.2 

SPEEDSHIFT  PEG 

29.251 

29.251 

1.34 

0.54 

2.14  0.99992' 

5780 

BRACKET 

1 

1.500 

1.500 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

5772 

CRADLE  STOP 

1 

0.250 

0.250 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5777 

G1MBEL  MOUNT 

3 

0.300 

0.300 

7 

7 

7 

0 

7 

7 

7 

0.70 

0.28 

1.12 

5776 

GIMBEL  SPEEDSHIFT 

1 

0.500 

0.500 

6 

6 

6 

6 

6 

6 

6 

0.70 

0.28 

1.12 

5790 

DISK 

1 

3.500 

3.500 

12 

12 

12 

60 

12 

12 

12 

2.20 

0.88 

3.52 

5773 

LOCK  HOUSING 

1 

0.250 

0.250 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

(*)  FAILURE  PER  MILLION  HOURS  ■  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FACTOR 
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LTHD  SYSTEM  MAINTAINABILITY  PREDICTION  WORKSHEET  (AS  OF  17-Mar-86  ) 


BLOCK 

CODE/ 

PART 

NUMBER 

NOMENCLATURE 

OTY 

FAILURE 

(FLR/HR 

ORG 

SPPRT 

RATE 

10X-6) 

DIRECT 

SPPRT 

AVE 

LC 

MAINTENANCE  TASK  TIMES 
(minutes) 

IS  DS  EX  RE  AL  CH 

MEAN  TIME  TO  REPAIR 

ORG  DIR  INHERENT 

COMB  SPPRT  SPPRT  AVAIL- 

(hrs)  (hrs)  (hrs)  ABILITY 

5778 

LOCK  HANDLE 

1 

7.150 

7.150 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6013- 

SPRING 

1 

1.155 

1.155 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6002- 

BOLT 

11 

6G03- 

NUT 

8 

5771 

NUT  (SPEEDSHIFT  PIVOT) 

2 

1.000 

1.000 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6005- 

WASHER 

8 

6007- 

PIN 

8 

1.496 

1.496 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6006- 

BEARING 

4 

7.580 

7.580 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

5774,5775 

BUSHING  (DISK) 

2 

4.570 

4.570 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

2.2 

TRAILS 

304.365 

304.365 

0.77 

0.44 

1.09  0.999508 

2.2.1 

TRAIL  STRUCTURE 

188.930 

188.930 

0.73 

0.42 

1.04  0.999702 

5841,5897 

UPPER  TRAIL 

2 

40.650 

40.650 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

5842,5898 

LOWER  REAR  TRAIL 

2 

20.320 

20.320 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5843,5899 

LOWER  FRONT  TRAIL 

2 

30.480 

30.480 

7 

7 

7 

0 

7 

7 

7 

0.70 

0.28 

1.12 

5845 

FRONT  BULKHEAD 

2 

4.060 

4.060 

6 

6 

6 

6 

6 

6 

6 

0.70 

0.28 

1.12 

5846 

WHEEL  BULKHEAD 

2 

4.060 

4.060 

12 

12 

12 

60 

12 

12 

12 

2.20 

0.88 

3.52 

5931 

MIDDLE  BULKHEAD 

2 

4.060 

4.060 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

5932 

REAR  BULKHEAD 

2 

4.060 

4.060 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

5933,5934 

LATTICE 

24 

81.240 

81.240 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

5834,5835 

PIN  (TRAIL  CLEVIS) 

64 

5844 

SPACER 

128 

5857,5858 

X-RING 

64 

6002-016 

BOLT  (BULKHEAD) 

48 

6003-007 

NUT  (BULKHEAD) 

48 

2.2.2 

TRAIL  PIN 

54.460 

54.460 

0.74 

0.42 

1.05  C. 9999 19 

6009-003 

SCREW 

4 

6005-010 

WASHER 

4 

6026-001 

BEARING  PIN 

4 

28.600 

28.600 

7 

7 

7 

0 

7 

7 

7 

0.70 

0.28 

1.12 

6006-012 

BEARING 

4 

7.580 

7.580 

6 

6 

6 

6 

6 

6 

6 

0.70 

0.28 

1.12 

6024-001 

BUSHING  (RETAINER) 

4 

9.140 

9.140 

12 

12 

12 

60 

12 

12 

12  . 

2.20 

0.88 

3.52 

6025-001 

RETAINER 

4 

6010-005 

SNAP  RING 

4 

6006-011 

BUSHING  (TRAIL  BEARING) 

4 

9.140 

9.140 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6003-006 

NUT 

16 

6002-015 

BOLT 

16 

2.2.3 

LIFTING  HANDLE 

43.635 

43.635 

1.05 

0.60 

1.49  0.999909 

5891 

LIFTING  HANDLE 

4 

2.000 

2.000 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

6004-003 

STUD 

2 

0.051 

0.051 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6005-019 

WASHER 

4 

0.004 

0.004 

7 

7 

7 

0 

7 

7 

7 

0.70 

0.28 

1.12 

5770 

LOCK  ARM 

2 

5.000 

5.000 

6 

6 

6 

6 

6 

6 

6 

0.70 

0.28 

1.12 

6012-001 

PULL  PIN 

2 

14.300 

14.300 

12 

12 

12 

60 

12 

12 

12 

2.20 

0.88 

3.52 

5762 

LOCK  PLATE 

2 

3.000 

3.000 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6002-010 

BOLT 

2 

6003- 

NUT 

6 

6011-001 

SPACE  CYLINDER 

2 

1.000 

1.000 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6006-016 

BUSHING 

8 

18.280 

18.280 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

2.2.4 

GROUND  PAD 

6.092 

6.092 

0.59 

0.34 

0.85  0.999993 

5832,5833 

GROUND  PAD 

2 

3.316 

3.316 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

5856 

SPACER 

2 

2.776 

2.776 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6002-017 

BOLT 

14 

6003-008 

NUT 

14 

2.2.5 

CRADLE/TRAIL  TIE-IN 

11.248 

11.248 

0.55 

0.31 

0.78  C. 999427 

5855 

SLOTTED  PLATE 

4 

6.000 

6.000 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

5854 

SHIM 

4 

0.200 

0.200 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5863 

LUG 

4 

1.048 

1.048 

7 

7 

7 

0 

7 

7 

7 

0.70 

0.28 

1.12 

(»)  FAILURE  PER  MILLION  HOURS  -  8ASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FAC'D- 
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LTHD  SYSTEM  MAINTAINABILITY  PREDICTION  WORKSHEET  (AS  OF  17-Mar-86  ) 


BLOCK 

FAILURE 

RATE 

MEAN  TIME  TO  REPAIR 

CODE/ 

(FLR/HR 

10X-6) 

AVE 

MAINTENANCE 

TASK  TIMES 

ORG 

DIR 

Inheres! 

PART 

NOMENCLATURE 

QTY 

ORG 

DIRECT 

(minutes) 

COMB 

SPPRT 

SPPRT 

avail- 

NUMBER 

SPPRT 

SPPRT 

LC 

IS 

DS 

EX 

RE 

AL 

CH 

(hrs) 

(hrs) 

(hrs) 

ability 

5864,5865  SUPPORT  BAR 

3 

3.000 

3.000 

6 

6 

6 

6 

6 

6 

6 

0.70 

0.28 

1.12 

5866 

LINK 

2 

1.000 

1.000 

12 

12 

12 

60 

12 

12 

12 

2.20 

0.88 

3.52 

6002- 

BOLT 

31 

6003- 

NUT 

31 

2.3 

GIMBAL 

31.161 

31.161 

0.51 

0.29 

0.73 

0.999968 

2.3.1 

GIMBAL 

10.000 

10.000 

0.41 

0.23 

0.58 

0.999992 

5810 

GIMBAL 

1 

10.000 

10.000 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

2.3.2 

GIM8AL  BEARING 

21.161 

21.161 

0.56 

0.32 

0.79 

0.999976 

6007- 

PIN  (GIMBAL/TRAVERSE) 

2 

14.300 

14.300 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

5935 

SLEEVE 

1 

2.285 

2.285 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5936 

SPACER 

1 

5937 

COVER 

1 

0.250 

0.250 

6 

6 

6 

6 

6 

6 

6 

0.70 

0.28 

1.12 

6002- 

BOLT 

2 

6005- 

WASHER 

3 

0.003 

0.003 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6006- 

BEARING 

2 

3.790 

3.790 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6010- 

SNAP  RING 

4 

0.008 

0.008 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

6030-001 

O-RING 

1 

0.525 

0.525 

13 

13 

13 

0 

13 

13 

13 

1.30 

0.52 

2.08 

2.4 

PLATFORM 

27.610 

27.610 

0.63 

0.36 

0.90 

0.999965 

2.4.1 

PLATFORM 

10.000 

10.000 

0.41 

0.23 

0.58 

0.999992 

5800 

PLATFORM 

1 

10.000 

10.000 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

2.4.2 

PLATFORM/TRAIL  CONNECTOR 

17.610 

17.610 

0.75 

0.43 

1.07 

0.999973 

.... 

HANDLE 

2 

1.000 

1.000 

5 

5 

5 

5 

5 

5 

5 

0.58 

0.23 

0.93 

.... 

BOLT  (SPRING  LOADED) 

2 

14.300 

14.300 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6013-001 

SPRING 

2 

2.310 

2.310 

7 

7 

7 

0 

7 

7 

7 

0.70 

0.28 

1.12 

6010-006 

SNAP  RING 

2 

6002-029 

BOLT 

4 

6003- 

NUT 

4 

6001-004 

ADHESIVE 

2 

2.5 

WHEEL  SYSTEM 

447.000 

639.130 

1.27 

0.46 

1.84 

0.998618 

2.5.1 

PIN  ASSEMBLY 

48.870 

16.290 

0.28 

0.24 

0.41 

C. 999982 

5730 

PIVOT  PIN 

2 

21.450 

7.150 

5 

5 

5 

2 

0.28 

0.16 

0.65 

6005-002 

THRUST  WASHER 

8 

6002-001 

BOLT  (PIVOT) 

2 

6003-001 

NUT  (PIVOT) 

2 

6006-001 

BUSHING  (PIVOT) 

8 

27.420 

9.140 

5 

15 

4 

1 

4 

2 

0.52 

0.30 

1.18 

2.5.2 

BEAM  ASSEMBLY 

66.750 

40.294 

0.74 

0.15 

1.72 

0.999920 

5794,5796 

LEADING  BEAM 

2 

0.357 

6.783 

5 

128 

5 

128 

10 

4.60 

1.19 

4.78 

5795,5797  LAGGING  BEAM 

2 

0.357 

6.783 

5 

128 

5 

128 

10 

4.60 

1.19 

4.78 

5807 

PIN  (CROSS  SUPPORT) 

4 

1.122 

0.374 

5 

5 

1 

0.18 

0.10 

0.42 

5736 

CAP  (AXLE  BEAM  END) 

8 

3.000 

1.000 

5 

5 

2 

0.20 

0.11 

0.46 

6002-002 

BOLT  (AXLE  CAP) 

16 

6005-004 

WASHER  (AXLE  CAP) 

16 

6005-006 

WASHER  (CYLINDER  PIVOT) 

8 

6006-003 

BUSHING  (CYLINDER  PIVOT) 

4 

13.710 

4.570 

5 

10 

3 

5 

0.38 

0.22 

0.88 

6006-004 

BUSHING  (SUPPORT  PIVOT) 

12 

41.130 

13.710 

5 

5 

3 

0.22 

0.12 

0.50 

5803,5804 

CROSS  SUPPORT 

2 

1.000 

1.000 

5 

14 

5 

0.40 

0.16 

0.64 

5809 

HANDLE  LOCKING  (X-SUPPORT) 

2 

3.000 

3.000 

5 

5 

2 

0.20 

0.08 

0.32 

5812 

BRACKET  (CROSS  SUPPORT) 

2 

0.264 

0.264 

5 

5 

2 

0.20 

0.08 

0.32 

I 

i 


(*)  FAILURE  PER  MILLION  HOURS  -  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  FACTOR 


PAGE  4 


LTHO  SYSTEM  MAINTAINABILITY  PREDICTION  WORKSHEET  (AS  OF  17-Mar-86  ) 


BLOCK 

FAILURE 

RATE 

MEAN  TIME  TO  REPAIR 

COOE/ 

(FLR/HR 

10X-6) 

AVE 

MAINTENANCE 

TASK  TIMES 

ORG 

DIR 

INHERENT 

PART 

NOMENCLATURE  i 

BTY 

ORG 

DIRECT 

(minutes) 

COMB 

SPPRT 

SPPRT 

AVAIL- 

NUMBER 

SPPRT 

SPPRT 

LC 

IS 

DS 

EX 

RE 

AL 

CH 

(hrs) 

(hrs) 

(hrs) 

ABILITY 

5813 

GUIDE  (SPRING) 

2 

0.500 

0.500 

5 

5 

7 

2 

0.32 

0.13 

0.51 

6002-006 

BOLT  (SUPPORT  HANDLE  8RKT ) 

4 

6003-005 

NUT  (SUPPORT  HANDLE  8RKT) 

2 

6002-007 

BOLT  (HANDLE  GUIDE) 

8 

6013-002 

SPRING 

2 

2.310 

2.310 

5 

5 

2 

2 

0.23 

0.09 

0.37 

6033 

LOCKUIRE 

2 

2.5.3 

WHEEL  ASSEMBLY 

234.880 

168.108 

1.11 

0.49 

1.97 

0.999553 

5738 

TIRE 

4 

100.874 

25.218 

1 

2 

11 

20 

2 

5 

5 

0.77 

0.48 

1.92 

5739 

WHEEL 

4 

4.294 

1.074 

1 

2 

11 

20 

2 

5 

5 

0.77 

0.48 

1.92 

6020,6021 

1  VALVE  STEM  AND  CAP 

4 

1.491 

0.373 

1 

2 

11 

20 

2 

5 

5 

0.77 

0.48 

1.92 

5741 

HUB 

4 

0.671 

12.745 

5.73 

3.53 

5.85 

5742 

CAP  (HUB) 

4 

1.800 

4.200 

5 

5 

10 

22 

2 

0.73 

0.24 

0.95 

6002-003 

BOLT  (HUB  CAP) 

32 

5743 

GREASE  SEAL 

8 

8.388 

19.572 

5 

5 

10 

22 

2 

0.73 

0.24 

0.95 

5744 

NUT  (AXLE  BEARING) 

8 

4.440 

4.440 

5 

12 

10 

24 

2 

0.88 

0.35 

1.41 

5745 

LOCKWASHER  (BEARING) 

8 

5746 

ROLLER  BEARING 

8 

15.696 

36.624 

2.27 

1.56 

2.57 

5747 

AXLE 

4 

1.610 

3.758 

2.27 

1.56 

2.57 

5748 

ROTOR  (DISC  BRAKE) 

4 

17.107 

39.917 

1 

2 

11 

30 

2 

5 

5 

0.93 

0.30 

1.20 

6002-004 

BOLT  (ROTOR  DISC) 

24 

6003-044 

NUT  (WHEEL) 

32 

6005-005 

WASHER  (WHEEL  BOLT) 

32 

6019-010 

GREASE  ZURK 

8 

66.790 

16.698 

5 

5 

15 

5 

0.50 

0.31 

1.25 

6019-11 

RELIEF  VALVE  (CAP) 

8 

10.970 

2.742 

5 

5 

15 

5 

0.50 

0.31 

1.25 

6007-002 

PIN  (ROTOR) 

4 

0.748 

0.748 

5 

5 

23 

10 

15 

5 

5 

1.13 

0.45 

1.81 

2.5.4 

BRAKE  SYSTEM 

96.501 

414.437 

1.64 

0.74 

1.85 

0.999162 

5749 

BRAKE  CALIPER  (SERVICE) 

4 

22.809 

205.283 

2.31 

1.37 

2.41 

6006-002 

BUSHING  (BRAKE) 

16 

6.926 

16.162 

5 

10 

11 

10 

11 

0.78 

0.25 

1.01 

5753 

PIN  (BRAKE) 

8 

0.898 

2.094 

5 

10 

11 

10 

11 

0.78 

0.25 

1.01 

5750 

PARK  BRAKE  CALIPER 

4 

28.979 

43.469 

1.19 

0.82 

1.44 

5827 

PIN  (PARK  BRAKE) 

4 

0.598 

0.898 

1.19 

0.82 

1.44 

5824 

SHAFT  (PARK  BRAKE) 

2 

3.444 

3.444 

5 

5 

6 

0.27 

0.11 

0.43 

5825 

HEX  HEAD  (PARK  BRAKE) 

2 

5826 

BEARING  BLOCK  (PARK  BRAKE) 

4 

7.580 

7.580 

5 

5 

5 

5 

5 

0.42 

0.17 

0.67 

6002-008 

BOLT  (BEARING  BLOCK) 

16 

5823 

ROD  END  (PARK  BRAKE) 

4 

0.672 

0.672 

5 

5 

6 

5 

0.35 

0.14 

0.56 

5822 

ROD  (PARK  BRAKE) 

2 

0.671 

0.671 

5 

5 

4 

5 

0.32 

0.13 

0.51 

5819 

LEVER  (PARK  BRAKE) 

2 

4.695 

4.695 

0.57 

0.41 

0.72 

5751 

HYDRAULIC/AIR  ACTUATOR 

1 

5.046 

45.413 

10 

20 

14 

20 

5 

1.15 

0.31 

1.24 

5752 

RELAY  VALVE  (W  CHECK  V) 

1 

1.342 

12.074 

10 

30 

24 

20 

5 

1.48 

0.40 

1.60 

5715 

AIR  TANK 

1 

0.067 

0.604 

10 

20 

34 

20 

5 

1.48 

0.40 

1.60 

5757 

DRAIN  COCK  ' 

1 

1.207 

10.868 

1.15 

0.68 

1.20 

5759 

AIR  FILTER 

2 

0.661 

5.945 

10 

12 

5 

5 

5 

0.62 

0.17 

0.67 

5758 

FRAME  NIPPLE 

2 

0.093 

0.839 

1.15 

0.68 

1.20 

5756 

AIR  HOSE  ASSEMBLY 

2 

3.466 

3.466 

0.61 

0.46 

0.75 

5755 

GLADHAND 

2 

1.600 

0.400 

0.52 

0.46 

0.75 

5754 

HOSE  SUPPORT  BRACKET 

1 

0.211 

0.053 

5 

5 

2 

0.20 

0.13 

0.50 

6027- 

PIPING  AND  FITTINGS 

12 

2.118 

19.062 

1.76 

1.04 

1.84 

6034- 

HOSE  AND  COUPLING 

10 

1.952 

17.568 

1.48 

0.88 

1.55 

6019- 

ELBOW  PIPING 

5 

0.383 

3.452 

1.67 

0.99 

1.74 

6019-006 

NIPPLE 

2 

0.093 

0.839 

1.15 

0.68 

1.20 

6019-007 

UNION 

1 

0.172 

1.544 

1.15 

0.68 

1.20 

6019-001 

ADAPTER 

6 

0.536 

4.828 

1.67 

0.99 

1.75 

6019-002 

TEE 

3 

0.280 

2.516 

0.57 

0.34 

0.60 

6003-002 

NUT 

4 

6017-002 

X- WASHER 

16 

2.6 

EQUILIBRATORS 

19.487 

19.487 

1.17 

0.47 

1.87 

0.999954 

2.6.1 

EQUILIBRATOR  ACTUATOR  MOUNTS 

9.099 

9.099 

1.17 

0.47 

1.87 

0 . 999979 

5763 

TUBE 

1 

0.250 

0.250 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5779 

TUBE  (OUTSIDE) 

4 

1 .000 

1.000 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5760 

CAP 

2 

0.100 

0.100 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

(*)  FAILURE  PER  MILLION  HOURS  -  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**>  5.2083  ROUNDS  PER  HOUR  CONVERSION  FAC'CP 


PAGE  5 


LTHD  SYSTEM  MAINTAINABILITY  PREDICTION  WORKSHEET  (AS  OF  17-M#r-86  > 


■EE33* 

FAILURE  RATE 

MEAN  TIME  TO  REPAIR 

CODE/ 

(FLR/HR 

10X-6) 

AVE 

MAINTENANCE 

TASK  TIMES 

ORG 

DIR 

INHERENT 

PART 

NOMENCLATURE  QTY 

ORG 

DIRECT 

(minutes) 

COMB 

SPPRT 

SPPRT 

AVAIL- 

NUMBER 

SPPRT 

SPPRT 

LC 

IS 

DS 

EX 

RE 

AL 

CH 

(Hrs) 

(hrs) 

(hrs) 

ABILITY 

5761 

TRAIL  NESTING  BUSHING 

2 

4.570 

4.570 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5664 

CLAMP  SET 

3 

3.000 

3.000 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6004- 

STUD 

7 

0.179 

0.179 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6003- 

NUT 

8 

2.6.2 

EQUILIBRATOR  CABLES 

14.938 

14.938 

1.17 

0.47 

1.87 

C. 999965 

5791 

CABLE 

2 

10.400 

10.400 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6006-007 

BEARING 

2 

3.790 

3.790 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6007-004 

PIN 

4 

0.748 

0.748 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

2.7 

HYDRAULIC  SYSTEM 

303.706 

2374.447 

2.97 

0.72 

3.25 

0.992118 

2.7.1 

SYSTEM  HYDRAULICS  (MI SC) 

22.761 

204.852 

1.90 

0.51 

2.06 

0.999567 

.... 

MANIFOLD  ASSY 

4 

2.956 

26.604 

5 

5 

197 

40 

227 

1 

5 

8.00 

2.16 

8.65 

5906-001 

HAND  PUMP 

2 

10.090 

90.808 

5 

24 

15 

5 

0.82 

0.22 

0.88 

5906-002 

PUMP  SELECTOR  VALVE 

2 

1.990 

17.910 

5 

5 

30 

44 

60 

5 

2.48 

0.67 

2.68 

5906-003 

HYDRAULIC  ON/OFF  VALVE 

1 

0.995 

8.955 

5 

5 

30 

34 

60 

5 

2.32 

0.63 

2.50 

.... 

QUICK -DISCONNECT  CHECK  VLV 

3 

3.131 

28.177 

10 

5 

20 

0.58 

0.16 

0.63 

5903-003 

SAFETY  RELIEF  VALVE 

1 

0.171 

1.543 

5 

5 

1 

15 

5 

0.52 

0.14 

0.56 

.... 

HOSE  AND  COUPLING 

4 

0.781 

7.027 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

.... 

PIPING  AND  FITTINGS 

15 

2.648 

23.828 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

2.7.2 

TRAVERSE  HYDRAULICS 

15.370 

135.900 

1.67 

0.45 

1.81 

0.99v747 

5904,5905 

CANNON  LAY  TRAVERSE  VALVE 

4 

3.980 

35.820 

5 

49 

30 

44 

60 

5 

3.22 

0.87 

3.48 

5920 

TRAVERSE  VALVE 

1 

0.995 

8.955 

5 

49 

29 

15 

1.63 

0.44 

1.77 

.... 

TRAVERSE  BEAR  LOC 

1 

2.345 

21.101 

30 

14 

17 

15 

5 

1.35 

0.36 

1.46 

.... 

INTENSIFIER  (BEAR  LOCK) 

1 

0.550 

4.950 

30 

17 

15 

5 

1.12 

0.30 

1.21 

5714 

TRAVERSE  ACTUATOR 

1 

5.046 

45.413 

30 

17 

15 

5 

1.12 

0.30 

1.21 

.... 

HOSE  AND  COUPLING 

3 

0.586 

5.270 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

.... 

PIPING  AND  FITTINGS 

9 

1.589 

14.297 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

6007-006 

PIN 

1 

0.281 

0.094 

5 

6 

0.18 

0.10 

0.42 

2.7.3 

ELEVATION  HYDRAULICS 

14.946 

107.451 

1.74 

0.41 

1.93 

0.999787 

5904,5905 

CANNON  LAY  ELEVATION  VALVE 

4 

3.980 

35.820 

5 

49 

30 

44 

60 

5 

3.22 

0.87 

3.48 

5919 

ELEVATION  VALVE 

1 

0.995 

8.955 

5 

49 

29 

15 

1.63 

0.44 

1.77 

5716 

ELEVATION  ACTUATOR 

1 

5.046 

45.413 

30 

17 

15 

5 

1.12 

0.30 

1.21 

.... 

HOSE  AND  COUPLING 

2 

0.390 

3.514 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

.... 

PIPING  AND  FITTINGS 

8 

1.412 

12.708 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

6007-009 

PIN 

1 

0.281 

0.094 

5 

6 

0.18 

0.10 

0.42 

6006-013 

BEARING 

1 

2.843 

0.948 

5 

6 

0.18 

0.10 

0.42 

6005-011 

WASHER 

2 

6017-001 

X- WASHER 

2 

2.7.4 

EQUILIBRATION  HYDRAULICS 

30.943 

278.484 

1.68 

0.45 

1.81 

0.999,  S'. 

5893 

EQUILIBRATION  PRESSURE  VLV 

1 

0.995 

8.955 

5 

5 

44 

15 

5 

1.23 

0.33 

1.33 

5892 

EQUILIBRATION  VALVE  ON/OFF 

1 

0.995 

8.955 

5 

5 

34 

15 

5 

1.07 

0.29 

1.15 

5915 

INTENSIFIER  (DOUBLE-ENDED) 

1 

4.469 

40.223 

5 

5 

44 

15 

5 

1.23 

0.33 

1 .33 

5720-002 

EQUILIBRATION  ACCUMULATOR 

1 

5.505 

49.541 

5 

67 

20 

66 

30 

3.13 

0.85 

3.39 

5712,5713 

EQUILIBRATION  ACTUATOR 

2 

10.092 

90.826 

5 

20 

40 

15 

10 

5 

1.58 

0.43 

1.71 

.... 

ELEVATION  BEAR  LOC 

2 

4.689 

42.203 

30 

17 

15 

5 

1.12 

0.30 

1.21 

.... 

INTENSIFIER  (BEAR  LOCK) 

1 

0.550 

4.950 

30 

17 

15 

5 

1.12 

0.30 

1.21 

5896 

PILOT  OPER  CHCK  VLV  W  SEAL 

1 

1.613 

14.517 

5 

68 

15 

19 

30 

2.28 

0.62 

2.47 

.... 

PIPING  AND  FITTINGS 

6 

1.059 

9.531 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

.... 

HOSE  AND  COUPLING 

5 

0.976 

8.784 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

2.7.5 

STORED  PRESSURE  HYDRAULICS 

17.309 

136.434 

1.95 

0.48 

2.14 

0.999’:; 

5894,5900 

VALVE  (PRESSURE  GAGE) 

2 

1.990 

17.910 

5 

5 

34 

15 

5 

1.07 

0.29 

1.15 

5894,5900 

PRESSURE  GAGE 

2 

1.436 

12.924 

5 

34 

5 

17 

5 

1.10 

0.30 

1.19 

5720-003 

RESERVOIR  ACCUMULATOR 

1 

5.505 

49.541 

5 

67 

20 

66 

30 

3.13 

0.85 

3.39 

(*)  FAILURE  PER  MILLION  HOURS  •  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  fAC';> 
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ITHO  SYSTEM  MAINTAINABILITY  PREDICTION  WORKSHEET  (AS  OF  17-Mar-86  ) 


a 

a 

■ 

i 

i 


</ / 


BLOCK 

COOE/ 

PART 

NUMBER 

NOMENCLATURE  QTY 

FAILURE  RATE 
(FLR/HR  10X-6) 

ORG  DIRECT 

SPPRT  SPPRT 

AVE 

LC 

MAINTENANCE  TASK 
(minutes) 

IS  DS  EX  RE 

TIMES 

AL  CH 

MEAN  TIME  TO  REPAIR 
ORG  DIR 

COMB  SPPRT  SPPRT 
(hrs)  (hrs)  (hrs) 

INHERES’ 
AVAi. • 
ABILITY 

5978 

PILOT  OPER  CHCK  VLV  W  SEAL 

2 

3.226 

29.034 

5 

40 

30 

5 

60 

2.33 

0.63 

2.52 

5720-005 

HYDRAULIC  FILTER 

1 

2.233 

0.744 

2 

10 

0.20 

0.11 

0.46 

5710-004 

CHECK  VALVE  (FILTER) 

2 

1.685 

15.161 

5 

5 

15 

0.42 

0.11 

0.45 

.... 

PIPING  AND  FITTINGS 

7 

1.236 

11.120 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

2.7.6 

CANNON  POSITION  HYDRAULICS 

4.221 

37.989 

0.74 

0.20 

0.80 

0 . 999969 

5895 

CANNON  POSITION  VALVE 

1 

0.995 

8.955 

5 

5 

44 

15 

5 

1.23 

0.33 

1.33 

5976,5977 

'  PILOT  OPER  CHCK  VLV  U  SEAL 

2 

3.226 

29.034 

5 

5 

10 

15 

0.58 

0.16 

0.63 

;  .  7.7 

RECOIL  &  C1 RECOIL  HYDRAULICS 

89.994 

693.511 

6.71 

1.59 

7.37 

C.Sy-Tl 

5710-555 

RECOIL  CYLINDER 

2 

30.426 

273.838 

5 

5 

197 

40 

227 

1 

5 

8.00 

2.16 

8.65 

5710-315 

C'  RECOIL  CYLINDER 

1 

15.213 

136.919 

5 

5 

197 

40 

227 

1 

5 

8.00 

2.16 

8.65 

5710-310 

ENERGY  STORAGE  CYLINDER 

1 

15.213 

136.919 

5 

5 

197 

40 

227 

1 

5 

8.00 

2.16 

8.65 

5718,5719 

'  C'  RECOIL  ACCUMULATOR 

2 

11.009 

99.081 

5 

5 

30 

15 

60 

5 

2.00 

0.54 

2.16 

5912,5978 

i  CHECK  VALVE 

2 

1.685 

15.161 

5 

5 

30 

5 

60 

5 

1.83 

0.50 

1 ,9e 

5913 

RELIEF  VALVE 

1 

0.171 

1.543 

5 

5 

5 

15 

5 

0.58 

0.16 

0.63 

5914 

PRESSURE  REDUCING  VALVE 

1 

0.171 

1.543 

5 

5 

30 

5 

30 

5 

1.33 

0.36 

1.44 

5916 

CIRCUIT  BREAKER 

1 

8.050 

2.683 

5 

5 

0.17 

0.10 

0.38 

5916 

ORIFICE 

1 

5.385 

1.795 

5 

5 

0.17 

0.10 

0.38 

5947 

ROO/PISTON  (RECOIL) 

2 

0.200 

1.800 

5 

5 

197 

40  227 

1 

5 

8.00 

2.16 

8.65 

5948 

ROO/PISTON  (C'RECOIL) 

2 

0.410 

3.690 

5 

5 

197 

40 

227 

1 

5 

8.00 

2.16 

8.65 

5949 

ORIFICE  ROD 

2 

0.430 

3.870 

5 

5 

8  240 

20 

4.63 

1.25 

5.01 

5950 

GUIDE  ROC 

2 

0.430 

3.870 

5 

5 

8 

240 

20 

4.63 

1.25 

5.01 

5951 

END  CAP 

8 

0.800 

7.200 

5 

98 

30 

127 

4.33 

1.17 

4.68 

5952 

WASHER  (END  CAP) 

4 

5954 

COLLAR  (END  CAP) 

4 

0.400 

3.600 

5 

8 

60 

37 

1.83 

0.50 

1.98 

5955 

NUT  (END  CAP) 

4 

2.7.8 

BREECH  HYDRAULICS 

14.097 

117.944 

1.05 

0.27 

1.14 

C  .499562 

5900-001 

BREECH  VALVE 

1 

0.995 

8.955 

10 

44 

15 

5 

1.23 

0.33 

1.33 

5725 

BREECH  ACTUATOR 

1 

5.046 

45.413 

5 

51 

7 

15 

10 

5 

1.55 

0.42 

1.68 

5725-001 

CHECK  VALVE 

1 

0.842 

7.581 

5 

51 

7 

15 

10 

5 

1.55 

0.42 

1 .68 

5922 

PILOT  OPER  CTRL  FLOW  VALVE 

2 

4.911 

44.195 

5 

2 

10 

15 

0.53 

0.14 

0.58 

.... 

PIPING  AND  FITTINGS 

5 

0.882 

7.943 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

.... 

HOSE  AND  COUPLING 

2 

0.390 

3.514 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

.... 

LINK 

1 

0.750 

0.250 

5 

11 

0.27 

0.15 

0.61 

5725 

PIN 

1 

0.281 

0.094 

5 

6 

0.18 

0.10 

0.42 

2.7.9 

INERTIAL  RAMMING  HYDRAULICS 

12.546 

91.446 

1.47 

0.35 

1.62 

0.999847 

5900  002 

VALVE  (RAM/RETRACT/CREEP) 

1 

0.995 

8.955 

10 

44 

15 

5 

1.23 

0.33 

1.33 

5902 

DEINTENSI FIER 

1 

3.675 

33.075 

5 

5 

30 

10 

60 

5 

1.92 

0.52 

2.07 

5729-001 

AIR  FILTER 

1 

2.477 

0.826 

10 

0.17 

0.10 

0.38 

5729 

INERTIAL  RAMMING  ACTUATOR 

1 

5.046 

45.413 

5 

10 

30 

30 

5 

1.33 

0.36 

1 .44 

.... 

PIPING  AND  FITTINGS 

2 

0.353 

3.177 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

7.10 

LOAD  POSITION  HYDRAULICS 

11.610 

104.489 

1.25 

0.34 

1.36 

C . 

5900  003 

VALVE  (BATTERY/LOAD) 

1 

0.995 

8.955 

10 

44 

15 

5 

1.23 

0.33 

1.33 

5728 

LOAD  POSITION  ACTUATOR 

1 

5.046 

45.413 

5 

10 

60 

30 

5 

1.83 

0.50 

1 .98 

5921,5971 

PILOT  OPER  CHCK  VLV  W  SEAL 

2 

3.226 

29.034 

5 

5 

20 

15 

0.75 

0.20 

0.81 

5917 

BATTERY  VALVE 

1 

0.995 

8.955 

5 

5 

18 

15 

0.72 

0.19 

0.77 

5918 

LOAD  POSITION  VALVE 

1 

0.995 

8.955 

5 

5 

18 

15 

0.72 

0.19 

0.77 

PIPING  AND  FITTINGS 

2 

0.353 

3.177 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

:  7.11 

WHEEL  HYDRAULICS 

51.857 

303.485 

0.81 

0.19 

0.91 

I .999713 

5910 

WHEEL  HYORAULIC  VALVE 

8 

7.960 

71.640 

5 

5 

44 

15 

1.15 

0.31 

1.24 

????? 

WHEEL  ACTUATOR 

4 

20.184 

181.652 

5 

5 

12 

15 

5 

0.70 

0.19 

0.76 

LINKAGE  (WHEEL  ACT  VALVE) 

4 

3.000 

1.000 

5 

15 

5 

0.42 

0.24 

0.95 

BURST  PLUG 

4 

3.000 

1.000 

5 

0.08 

0.05 

0.19 

5903  001 

CIRCUIT  BREAKER 

2 

2.147 

19.319 

56 

15 

15 

1.43 

0.39 

1.55 

HOSE  AND  COUPLING 

14 

2.733 

24.595 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

(*)  FAILURE  PER  MILLION  HOURS  •  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (**)  5.2083  ROUNDS  PER  HOUR  CONVERSION  ‘AC*:; 
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LTHD  SYSTEM  MAINTAINABILITY  PREDICTION  WORKSHEET  (AS  OF  17-Mar-86  ) 


/■$.  V  i 


BLOCK 

COOE/ 

PART 

NUMBER 

NOMENCLATURE 

OTY 

FAILURE 

(FLR/HR 

ORG 

SPPRT 

RATE 

10X-6) 

DIRECT 

SPPRT 

AVE 

LC 

MAINTENANCE  TASK  TIMES 
(Minutes) 

IS  OS  EX  RE  AL  CH 

MEAN  TIME  TO  REPAIR 
ORG  DIR 

COMB  SPPRT  SPPRT 

(hrs)  (hrs)  (hrs) 

inherent 

avail¬ 

ability 

... 

PIPING  AND  FITTINGS 

8 

10.590 

3.530 

5 

6 

0.18 

0.10 

0.42 

PIN  JOINT 

8 

2.244 

0.748 

5 

6 

0.18 

0.10 

0.42 

RETAINING  RING 

8 

2.7.12 

PRIMER  HYDRAULICS 

9.026 

81.231 

1.19 

0.32 

1.28 

C.999E.3 

5900  004 

PRIMER  VALVE 

1 

0.995 

8.955 

10 

44 

15 

5 

1.23 

0.33 

1.33 

5726 

PRIMER  ACTUATOR 

1 

5.046 

45.413 

5 

51 

7 

15 

10 

5 

1.55 

0.42 

1.68 

5922 

PILOT  OPER  CTRL  FLOW  VALVE  1 

2.455 

22.098 

5 

2 

10 

15 

0.53 

0.14 

0.58 

PIPING  AND  FITTINGS 

3 

0.529 

4.766 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

2.7.13 

LANYARO  HYDRAULICS 

9.026 

81.231 

1.19 

0.32 

1.28 

0.999893 

5900  005 

LANYARD  VALVE 

1 

0.995 

8.955 

10 

44 

15 

5 

1.23 

0.33 

1.33 

5727 

PRIMER  ACTUATOR 

1 

5.046 

45.413 

5 

51 

7 

15 

10 

5 

1.55 

0.42 

1.68 

5922 

PILOT  OPER  CTRL  FLOW  VALVE  1 

2.455 

22.098 

5 

2 

10 

15 

0.53 

0.14 

0.58 

PIPING  AND  FITTINGS 

3 

0.529 

4.766 

5 

7 

10 

15 

2 

0.65 

0.18 

0.70 

2.8 

LOAD  TRAY 

ERR 

ERR 

ERR 

ERR 

ERR 

ERR 

2.8.1 

LOAO  TRAY 

ERR 

ERR 

ERR 

ERR 

ERR 

ERR 

5867 

LOAD  TRAY 

1 

10.142 

10.142 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5868 

UEARSTRIP 

3 

1.500 

1.500 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5869 

BASE  SPRING  (PROJECTILE) 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5870 

STRIP  (BACKSTOP) 

1 

0.500 

0.500 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5871 

BRACKET  (BACKSTOP) 

2 

0.264 

0.264 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5881 

RETAINER  PLATE 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5783 

ROD 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5768 

FORWARD  PLATE 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5773 

AFT  PLATE 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5814 

FORWARD  STRUT 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5815 

REAR  STRUT 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5737 

BLOCK  (CLEVIS) 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5817 

PIVOT  PIN 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5883 

HOUSING 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5885 

SUPPORT 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5884 

PAD  (BEARING) 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5778 

SLEEVE 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5887 

ROLLER 

16 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5818 

SUPPORT 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5833 

TOP  PLATE 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5962 

ROLLER 

16 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5837 

PAD  (BEARING) 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5840 

FRAME 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5861 

PIVOT  PIN 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5886 

PIN  (HEADED) 

1 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5890 

WASHER  (BUMPER) 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5981 

SPACER 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

6002- 

BOLT,  SCREW 

221 

6003 

NUT 

183 

6005 

WASHER 

262 

6006 

BUSHING 

5 

11.425 

11.425 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6006 

BEARING 

8 

15.160 

15.160 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

2.8.2 

TRACK 

ERR 

ERR 

ERR 

ERR 

ERR 

1 

5929,5930, 

BAR  (TRACK  SUPPORT) 

3 

1.500 

1.500 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5940 

5939 

BRACKET  (ROLLER  MOUNT) 

4 

0.528 

0.528 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

i 

5908 

SPACER 

1 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5798 

BUTTON  (GUIDE) 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5924 

SUPPORT  (FORWARD  TRACK) 

1 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5925,5926 

TRACK  (FORWARD,  CENTER) 

3 

33.468 

33.468 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.5” 

5888,5889 

HINGE  (BRACKET  INNER) 

8 

15.200 

15.200 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.8’ 

5928,5938 

GUIDE  (REAR  TRACK) 

2 

22.312 

22.312 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5731,5734 

TIE  BAR 

7 

3.500 

3.500 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.8' 

(*)  FAILURE  PER  MILLION  HOURS  •  BASED  ON  GROUND  MOBILE  ENVIRONMENT;  (*•)  5.2083  ROUNDS  PER  HOUR  CONVERSION  'AC  - 
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LTNO  SYSTEM  MAINTAINABILITY  PREDICTION  WORKSHEET  (AS  OF  17-M»r-86  ) 


BLOCK 

FAILURE  RATE 

MEAN  TIME  TO  REPAIR 

COOE/ 

(FLR/HR 

10X-6) 

AVE 

MAINTENANCE 

TASK  TIMES 

ORG 

DIR  INHERES’ 

PART 

NOMENCLATURE 

OTY 

ORG 

DIRECT 

(minutes) 

COMB 

SPPRT 

SPPRT  A  w  A  ;  w 

NUMBER 

SPPRT 

SPPRT 

LC 

IS 

DS 

EX 

RE 

AL 

CH 

(hrs) 

(hrs) 

(hrs)  ABIlI’’ 

5927 

TRACK  (REAR) 

2 

22.312 

22.312 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5735 

PLATE 

8 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5784 

STIFFENER 

4 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

6007012 

PIVOT  PIN 

4 

28.600 

28.600 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

6002 

BOLT 

68 

6003 

NUT 

96 

6005 

WASHER 

150 

6006 

BUSHING 

12 

27.420 

27.420 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

2.8.3 

SHOCK  MOUNT 

ERR 

ERR 

ERR 

ERR 

ERR  ERR 

5941 

SHOCK  ABSORBER  (FRONT) 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5982 

BAR  (STOP) 

1 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5942 

SHOCK  (MAIN) 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5872,5873, 

SHOCK  MOUNT 

4 

2.000 

2.000 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5874 

5875 

BRACKET 

1 

0.132 

0.132 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5876,5836 

GUIDE  (SHOCK  MOUNT) 

4 

22.000 

22.000 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5877 

MOUNT  (PROJECTILE  STOP) 

1 

1.388 

1.388 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5878 

PAD  (PROJECTILE  STOP) 

1 

1.658 

1.658 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5880 

CUSHION 

1 

1.658 

1.658 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5879 

MOUNT  (PAD) 

1 

1.388 

1.388 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5882 

PIN  (PROJ  STOP  PAD) 

1 

7.150 

7.150 

10 

10 

10 

10 

10 

10 

10 

1.17 

0.47 

1.87 

5983 

GUIDE  (SHOCK  PLUNGER) 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5984 

SPACER 

16 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5991 

BLOCK  (STRIKER) 

1 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

5992 

ROD 

2 

ERR 

ERR 

10 

10 

10 

10 

10 

10 

10 

1.17 

ERR 

ERR 

6002 
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PROBLEM  DESCRIPTION 


The  desired  result  of  the  Lightweight  Towed  Howitzer  program  is  to  provide 
a  weapon  which  has  the  same  capabilities  as  the  present  howitzer,  the 
M198,  but  which  is  more  versatile  due  to  its  lighter  weight. 

In  the  M198,  the  recoiling  mass  recoils  back  from  the  trunnion  center 
line.  The  recoiling  mass  of  the  Lightweight  Towed  Howitzer  Demonstrator 
(LTHD)  is  forward  of  the  trunnion  center  line  and  recoils  back  toward  but 
not  past  that  center  line.  On  the  M198,  the  trails  extend  rearward  to 
prevent  the  recoil  forces  from  tipping  the  howitzer  backward  where  as,  on 
the  LTHD  they  extend  forward  to  prevent  the  weight  of  the  howitzer  from 
tipping  it  forward.  The  trunnion  center  line  of  the  LTHD  is  only  18 
inches  above  the  ground.  All  of  these  changes  were  made  in  order  to 
provide  a  stable  howitzer  which  is  7,000  lbs.  lighter  than  the  present 
M 1 98  (the  Ml 98  weighs  16,000  lbs.). 

When  the  recoiling  mass  of  the  LTHD  is  in  battery,  the  breech  opening  is 
about  9  feet  (along  the  center  line  of  the  barrel)  forward  from  the  center 
line  of  the  trunnions.  When  the  cannon  is  elevated  to  45  deg.  (the 
maximum  elevation  for  loading)  the  breech  opening  is  about  7.5  feet  above 
the  ground.  In  this  position,  it  is  not  possible  to  load  the  howitzer 

th  out  mechanical  assistance  nor  is  it  possible  for  the  artillery  crew, 
who  are  stationed  behind  the  howitzer,  to  accurately  determine  the 
position  and  condition  of  the  bag  charge.  Mi sposi t i oned  or  damaged 
charges  are  serious  problems  and  must  be  detected  and  corrected  before  the 
firing  sequence  continues.  The  customer  is  comfortable  with  power  ramming 
of  projectiles  but  is  quite  uneasy  with  mechanical  handling  of  the  bag 
charges. 

If  the  LTHD  could  be  loaded  in  its  fully  recoiled  position,  some  of  the 
hydraulics  could  be  eliminated  and  an  artillery  crewman  could  load  and 
position  the  bag  charge  by  hand.  This  change  in  the  configuration  would 
reduce  weight  and  complexity  and  would  give  the  artillery  crew  the 
capability  of  visually  checking  the  condition  and  position  of  the  charge 


FMC  LTHD  -  SYSTEM  CONCEPT 


Discussion  of  Results 


From  an  examination  of  the  present  configuration  of  the  LTHD ,  it  is  not 
possible  to  load  at  full  recoil  (see  figure  1).  Since  the  trunnion  center 
line  is  so  low,  the  breech  opening  is  very  close  to  the  gimbal  when  the 
recoiling  mass  is  fully  recoiled.  The  breech  block  hinges  up  but  does  not 
move  far  enough  out  of  the  way  to  allow  clear  access  to  the  chamber  for 
1 oadi ng . 

If  the  recoiling  mass  is  positioned  about  2  feet  forward  from  full  recoil, 
the  cannon  could  be  loaded  (see  figure  2).  A  power  rammer  will  still  be 
required  but  can  be  incorporated  into  the  load  tray  eliminating  the  rammer 
positioning  mechanism.  At  2  feet  from  full  recoi 1 ,  the  chamber  is  close 
enough  to  the  artillery  crew  that  the  charge  could  be  manually  positioned 
and  visually  inspected  prior  to  closing  the  breech. 

One  of  the  original  design  requirements  was  that  the  howitzer  be  capable 
of  handling  misfires  and  cookoffs  in  a  controlled  and  predictable 
fashion.  Since  it  is  dimensionally  possible  to  load  in  this  recoiled 
position,  a  numeric  analysis  was  conducted  to  determine  if  the  howitzer 
could  withstand  a  misfire  when  it  was  fully  recoiled  and  remain  upright 
and  intact.  For  this  analysis,  chamber  pressures  were  used  to  determine  a 
■arward  force  on  the  howitzer  structure  (worst  case  ammunition 

combination  is  M203A1  XM795  which  produced  a  maximum  chamber  pressure  of 

56,000  psi ) .  The  assumptions  used  in  this  analysis  were  as  follows: 

-recoiling  mass  is  fully  recoiled  and  resting  against  the  slide 
-structure  is  perfectly  rigid;  no  structural  deformation  occurs 
-no  sliding;  howitzer  is  fixed  to  the  ground  and  only  allowed  to 
pivot  about  its  rear  most  point  of  contact  with  the  ground 
-torque  component  from  rifling  not  considered 


Based  on  these  assumptions  ,  at  26  ms.  after  start  of  chamber 
pressurization  the  ends  of  the  trails  will  have  raised  just  over  30  inches 
off  the  ground  (see  graph,  figure  3).  Based  on  this  analysis,  it  appears 
that  the  howitzer  will  not  overturn  as  a  result  of  a  misfire  at  the  fully 
recoiled  position.  All  of  the  energy  of  firing  will  be  transmitted 
directly  to  the  slide.  A  maximum  calculated  force  of  2.1  million  lbs. 
occurs  6  ms.  after  start  of  chamber  pressurization.  This  force  is  over  26 


Goals  and  Benefits 
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1.  Overall  system  capabilities 

-load  &  fire  all  types  of  155  mm.  ammunition  used  by  or 
under  development  for  the  M198  howitzer 
-load  at  elevations  up  to  45  degrees 
-fire  at  a  rate  of  4  rounds  per  minute 

2.  Chamber  close  to  artillery  crew 

-manual  loading  especially  of  bag  charges 
-visual  inspection  of  potential  problems 
-correction  of  problems 

3.  Elimination  of  hydraulics 

-simplify  system 
—reduce  weight 

-reduce  /  eliminate  need  for  energy  recovery 

4.  Eliminate  auto  primer  feeder 

-reduce  weight 

-reduce  complexity  /  increase  reliability 


45  DEG.  EL.  SET.  FROM  FULL  RECOIL 

FIGURE  2— 
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times  the  maximum  -force  that  the  slide  is  presently  designed  to 
accommodate  and  will  cause  some  kind  o-f  structural  damage  to  the  slide.  A 
shear  stress  o-f  well  over  100,000  psi .  will  be  experienced  in  the 
interrupted  threads  between  the  cannon  and  yoke  and  over  167,000  psi. 
between  the  breech  block  and  breech  ring.  This  would  require  the  use  o-f  a 
material  with  a  tensile  strength  o-f  at  least  175,000  psi.  -for  the  yoke  / 
cannon  interface  and  300,000  psi  tensile  strength  material  -for  the  breech 
block  /  breech  ring  interface.  Another  possible  failure  area  is  the 
"spade"  which  sticks  into  the  ground  below  the  gimbal.  The  spade  is 
designed  to  prevent  any  horizontal  movement  of  the  howitzer.  The  spade 
itself  is  not  likely  to  "plow"  much  dirt  but  will  probably  tear  loose  from 
the  base  structure.  If  the  spade  does  separate  from  the  howitzer 
structure,  the  entire  howitzer  will  be  relatively  free  to  move  backwards. 
This  is  particularly  dangerous  since  the  artillery  crew  will  be  standing 
behind  the  howitzer  during  firing. 

As  a  result  of  the  extremely  high  forces  present,  some  kind  of 
catastrophic  failure  will  occur  in  the  event  of  a  misfire.  This  failure 
will  more  than  likely  render  the  Howitzer  unusable  and  may  endanger  the 
lives  of  some  of  the  artillery  crew  as  well. 

Table  I  lists  various  considerations  of  the  two  loading  concepts 
considered  with  a  measure  of  techni cal /devel opmental  risk  and  customer 
iceptabi 1 i ty  assigned.  Critical  items  are  ones  which  must  be  satisfied 
in  the  design  or  the  howitzer  will  not  be  able  to  perform  its  function 
safely. 

Low  scores  in  the  OPERATIONS  section  of  the  Load  Out  of  Battery  (LOB) 
concept  are  because  of  the  additional  design  effort  that  will  be  needed  to 
obtain  the  the  required  performance.  The  low  scores  on  the  Load  In 

Battery  (LIB)  concept  are  the  result  of  the  customers  dissatisfaction  with 
mechanical  handling  of  bag  charges  and  poor  visibility  of  the  chamber  when 
the  oscillating  mass  is  in  battery. 

In  the  SAFETY  section,  the  low  scores  associated  with  the  LOB  concept  are 
due  to  the  possibility  that  of  one  of  these  failures  might  occur  without 
sufficient  recoiling  space  to  safely  dissipate  the  energy  of  firing.  A 
mi ssf i re .  for  the  purposes  of  this  discussion,  shall  be  defined  as  any 
unplanned  ignition  of  the  charge  which  is  the  result  of  some  action  of  the 
crew  or  some  mechanical  i nterf erence.  An  example  of  this  would  be  the 
lanyard  snagging  on  something  while  the  recoiling  mass  is  moving  back  into 
battery.  A  cook of f  shall  be  defined  as  the  unplanned  ignition  of  the 


scone .  s*»  scone . 


charge  as  a  result  of  the  charge  getting  too  hot  in  the  chamber.  (This 
type  of  ignition  would  probably  not  develop  the  maximum  chamber  pressure 
attainable  by  normal  firing.)  The  potential  for  a  cookoff  depends  on  the 
amount  of  time  that  the  charge  is  in  the  chamber  and  the  chamber 
temperature  during  that  time  interval.  Data  enabling  the  calculation  of  a 
safe  time  interval  prior  to  high  cookoff  risk  has  not  been  made  available, 
so  the  precise  risk  of  experiencing  a  cookoff  is  not  known. 

In  the  HUMAN  FACTORS  section,  the  low  score  was  assigned  to  the  LOR 
concept  because  of  the  anticipated  difficulty  of  designing  the  system  to 
meet  the  necessary  human  factors  requi rements .  In  the  LOB  concept,  a  man 
would  be  required  to  lean  through  the  gimbal  with  a  bag  charge  and 
position  it  in  the  chamber  by  hand.  Since  human  interfacing  is  required 
with  the  howitzer  and  ammunition  in  the  LIB  concept,  a  higher  score  was 
assi gned . 

As  illustrated  by  the  total  weighted  scores  in  table  I,  the  concept  of 
loading  the  howitzer  out  of  battery  raises  some  serious  safety  and  cost 
questi ons. 


SUMMARY 


The  load  out  of  battery  concept  will  require  considerable  additional 
design  time  to  develop.  Aspects  such  as  energy  recovery  and  constant 
recoiling  length  have  not  been  designed  into  any  previous  recoi 1 / 
counterrecoi  1  system  resulting  in  a  greater  developmental  risk.  The 
reliability  of  such  a  recoi 1 /counterrecoi 1  system  will  likely  be  degraded 
by  the  increased  complexity.  The  cost  of  development,  prototype,  and 
production  will  increase  in  proportion  to  the  increase  in  complexity. 
Lastly,  once  the  functional  design  is  complete,  it  probably  will  be 
unacceptable  with  regards  to  survivability  of  a  misfire  and  personnel 
safety.  Thus,  it  is  the  conclusion  of  this  study  that  the  load  out  of 
battery  concept  should  not  be  pursued  in  the  design  of  the  Lightweight 
Towed  Howitzer  Demonstrator . 
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DESCRIPTION:  MATERIAL  AND  JOINT  TEST  PLAN 


F-'obr  uar 


Trie  Material  and  Joint  Test  Plan  is  current  as  of  1- 
1987.. 
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Armament  Research  Development  &  Engineering  Center 
U.S.  Army  Armament,  Munitions,  &  Chemical  Command 
Dover,  New  Jersey  07801-5001 
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Lightweight  Towed  Howitzer  Demonstrator  (LTHD) 
Test  Plans  (CDRL  A006) 


Enclosure:  (1)  Test  Plans  (Revised  based  on  7  January  comments) 


Enclosure  (1)  is  submitted  with  changes  in  accordance  with  the 
requirements  of  the  subject  contract.  Composite  material  process 
specifications.  AppendixA  of  the  Test  Plan,  are  submitted  to  answer 
questions  about  the  material. 

If  you  have  any  questions,  please  contact  me  at  (612)  572-6333. 
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Northern  Ordnance  Division 
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1 . 0  FOREWORD 


$ 


1.0.1  Tests  Planned  During  Phase  II 

The  tests  listed  in  figure  1  (LTHD  Test  Schedule)  will  be 
conducted  during  Phase  II  to  provide  material  test  samples 
which  are  representative  of  those  materials  and  joints 
utilized  in  the  FMC  LTHD  design.  The  composite  material 
chosen  for  the  design  is  Hexcel's  W3X282-42-F593 
Graphite/Epoxy  Prepreg.  The  low/  high  temperature/  high 
humidity  tests  will  be  performed  by  FMC  and  will  qualify  the 
Hexcel  material.  If  the  test  data  does  not  meet  Hexcel 
published  data,  then  FMC  data  will  be  used  as  design 
allowables.  The  room  temperature  test  will  be  performed  by 
both  FMC  and  the  vendor  chosen  to  build  parts  of  the 
demonstrator.  Conducting  this  test  will  provide  a  check  of 
the  vendor's  process  and  fabrication  procedures  by 
comparison  of  the  vendor's  data  with  FMC's  data.  Additional 
test  samples  will  be  fabricated  and  provided  to  the 
government  for  test  and  evaluation  upon  request. 

1.0.2  Quality  Control  Planned  During  Phase  II 

The  quality  control  plan  outlined  in  section  5.0  will  be 
exercised  for  the  purpose  of  preventing  production  of 
defective  test  panels  and  verifying  that  only  quality  test 
panels  be  used  in  FMC  LTHD  Phase  II  Composite  Testing.  The 
material  specification  to  be  followed  is  that  recommended  by 
the  material  supplier,  Hexcel:  Boeing  Material 
Specification  8-256F,  Appendix  A.  Cured  test  panel  quality 
will  be  controlled  by  using  only  quality  raw  materials, 
insuring  that  all  process  specifications  are  followed,  and 
final  checking  of  test  panel  integrity.  Raw  materials  will 
be  acceptable  for  use  if  they  have  been  certified  by  the 
vendor,  pass  all  FMC  QC  inspection  tests,  and  have  been 
properly  stored.  Test  panels  will  be  acceptable  if  they 
have  been  fabricated  per  process  specification  and  pass  all 
FMC  QC  inspection  tests.  Test  specimens  will  be  acceptable 
if  they  have  not  been  damaged  by  machining  and  meet  all  the 
dimensional  and  conditioning  requirements  specified  in  the 
Phase  II  composite  test  plan. 

In  addition  to  assuring  the  quality  of  the  Phase  II  test 
panels,  implementing  this  quality  control  plan  will  provide 
a  check  of  the  quality  control  procedures  planned  for  the 
FMC  Lightweight  Towed  Howitzer  Demonstrator. 


LTHD  TEST  SCHEDULE 


1101  Graphite  Epoxy  Lcw/Eigh  Temp/Kich  Humidity 

Tensile  Test  • 

1102  Graphite  Epoxy  Lew/High  Temp/High  Humidity 

Shear  Test 

1103  Graphite  Epoxy  Lcw/Eigh  Temp/Eich  Humidity 

Compression  Test 

1110  Adhesive  Low/High  Temp/High  Humidity  Double  Lap 

Shear  and  Flexural  Shear  Strength  Tests 

1111  Adhesive  Low/Kigh  Temp/High  Humidity 

T-?eel  Test 

1120  Trunnion  Lug  Test 

1130  Graphite  Epoxy  Chemical  Resistance  Test 

1140  Titanium  Weld  Test 

1150  Aluminum  Silicon  Carbide  Weld  Test 

1160  Graphite  Epoxy  Room  Temp  Tensile  Test 
1201  Cradle  Trunnion  Structural  Joint  Test 


FIGURE  1 
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.0  MATERIAL  QUALIFICATION  TESTS 

2.0.1  LCM/KLGn  TEMFERAIURE/HIGH  HUMIDITY  TENSILE  TEST 

2. 0.1.1  PURPOSE.  This  test  is  to  verify  the  mechanical 
properties  of  W3X282-42-F593  composite  material 
when  this  material  is  subjected  to  extreme 
environmental  conditions. 

2. 0.1. 2  TEST  SPECIMENS.  Forty  specimens  will  be  tested,  twenty 
each  for  high  and  low  temperature  tests.  Of  each  set 
of  twenty  specimens,  ten  will  be  tested  for  properties 
in  the  warp  direction  (0  degrees)  and  ten  for 
properties  in  the  fill  direction  (90  degrees)  .  Each 
specimen  will  consist  of  8  plies  of  prepreg  with  a 
[0]  layup.  Total  specimen  thickness  will  be  .072 
inches.  Specimens  will  measure  1.000  t  .010  inch 
wide  by  a  minimum  of  10.0  inches  total  length  with 
end  tabs  bonded  on  each  side  of  each  end. 

Additional  specimen  details  will  conform  to  section  7 
and  figure  1  of  ASIM  D  3039. 

2. 0.1. 3  TEST  EQUIPMENT.  Hie  equipment  required  to  perform 
this  test  consists  of: 

1)  A  tensile  test  machine  with  grips  capable  of 
securing  the  test  specimens  described  in 
section  2. 0.1. 2  above.  It  shall  also  be  capable 
of  applying  a  constant  crosshead  movement  of 
.050  inches  per  minute.  A  load  indicator, 
accurate  to  within  t  1%  of  the  maximum  indicated 
test  load,  must  be  included  as  part  of  the  test 
machine  and  the  machine  must  be  capable  of 
continuously  recording  the  load,  longitudinal 
strain,  and  transverse  strain. 

2)  A  liquid  nitrogen  chamber  capable  of  -65  -  10F 
minimum. 

3)  A  constant  temperature  water  bath  or  equivalent 
capable  of  200  1 10F  minimum. 

4)  An  extensometer  that  is  compatible  with  the 
test  machine  described  in  #1  above. 

2. 0.1. 4  TEST  PROCEDURES,  LOW  TEMFERAIURE. 

1)  Measure  the  width  and  thickness  of  the  twenty 
specimens  in  several  places  and  record  the 
minimum  value  of  each  on  the  data  sheet.  (See 
included  sample  data  sheet) 

2)  Place  the  test  specimens  in  the  liquid 
nitrogen  chamber  and  allow  them  to  reach 
-65  f  10F  throughout.  (Minimum  time  12  hours) 

3)  Set  the  tensile  test  machine  to  provide  a 
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constant  cross  head  speed  of  .050  inch/min 

4)  Install  a  specimen  in  the  grips  and  attach  the 
extenscmeter  on  the  specimen. 

5)  Apply  the  load  and  plot  the  load  vs 
longitudinal  strain  on  figure  1  of  the  data 
sheet.  Plot  the  longitudinal  and  transverse 
strains  on  figure  2  of  the  data  sheet. 

6)  Record  the  maximum  load  carried  by  the  specimen 
on  the  data  sheet. 

7)  Record  the  extension  at  or  as  near  as  possible 
to  the  moment  of  rupture. 

8)  Calculate  and  record  to  three  significant 
figures: 

1.  Tensile  strength 

2.  Elastic  modulus 

3.  Poisson's  ratio 

9)  Repeat  steps  4  through  8  for  the  remaining 
specimens. 

10)  Calculate  and  record  to  three  significant 
figures  for  each  property  listed  in  step  8: 

1.  Average  value 

2.  Standard  deviation 

3.  Coefficient  of  variation 

2. 0.1. 5  TEST  PROCEDURES,  HIGH  TEMPERA1URE/HIGH  HUMIDITY 

1)  Measure  the  width  and  thickness  of  the  twenty 
remaining  specimens  in  several  places  and 
record  the  dimensions  that  yield  the  minimum 
cross  sectional  area  of  each  specimen  on  the 
data  sheet. 

2)  Condition  these  specimens  per  EMS  8-256F, 
section  5.3.3  with  the  exception  of  a  200 t  10F 
immersion  instead  of  the  160110F  immersion. 

3)  Repeat  steps  3  thru  10  from  section  2. 0.1. 4 

2. 0.1. 6  ACCEPTANCE  CRITERIA.  A  statistical  analysis  will  be 
performed  on  the  test  results  to  establish  a  standard 
deviation  and  mean.  The  results  will  be  acceptable  if 
there  is  a  99%  probability  of  falling  within  one  standard 
deviation  of  the  mean.  In  the  event  that  one  data  point 
lies  outside  of  this  range,  that  point  will  be  deleted 
from  the  data  set  and  another  specimen  will  be  tested 
and  inserted  into  the  data  set.  If  any  specimen  fails 
due  to  non-test  related  conditions  or  obvious 
manufacturing  problems,  that  specimen  shall  be  discarded 
and  another  will  be  tested  and  inserted  into  the  data 
set. 
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2.0. 1.7  CRITICAL  TEST  CONDITIONS. 

1)  The  temperatures  of  the  nitrogen  chamber  and 
the  water  bath  will  be  -65  -  10F  and  200-  10F, 
respectively . 


2.0. 1.8  TEST  SCHEDULE.  Results  from  these  tests  will  be 

provided  to  the  customer  no  later  than  30  days  after 
test  completion. 
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LOW/HIGH  TEMPERATURE/HIGH  HUMIDITY  TENSILE  TEST 
DATA  SHEET  1 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


VOID  CONTENT  OF  MATERIAL: 
VOLUME  %  REINFORCEMENT 
SPECIMEN  TEMPERATURE: 
CROSSHEAD  SPEED: 

SPECIMEN  TYPE  (WARP  OR  FILL)  : 
TEST  TEMPERATURE: 

TEST  HUMIDITY: 

CONDITIONING: 


_ % 

_  DEG  F 

.050  IN/MIN 


DEG  F 

% 


SPECIMEN  GAGE  DIMENSIONS  (MINIMUM  VALUES) 


SPECIMEN  NO. 


w  nu)  X  T  (INI 


A  (SO  IN) 


1 

2 

3 

4 

5 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION,  AND  COEFFICIENT  OF 
VARIATION  OF  THE  FOLLOWING  (SEE  ASTM  D  3039  FOR  FORMULAS)  : 

AVE  STD  DEV  COV 


1) 

TENSILE  STRENGTH 

PSI 

PSI 

2) 

ELASTIC  MODULUS 

PSI 

PSI 

3)  POISSON'S  RATIO 


4)  EXT  @  RUPTURE 


IN 


IN 
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L3W/HIGK  TEMPERATURE /HIGH  HUMIDITY  TENSILE  TEST 
DATA  SHEET  1 


LOAD  AND  STRAIN  DATA: 


SPECIMEN  NUMBER  _ 


LOAD  (P) 
LBS 


(£-x) 


STRAIN  (L)  INCHES 
FIGURE  1. 


LONGITUDINAL  STRAIN  (£.  L) 


FIGURE  2. 


MAXIMUM  LOAD  CARRIED 
EXTENSION  AT  RUPTURE 
TENSILE  STRENGTH 

SLOPE  OF  LINEAR  PORTION  OF  FIG-  1 

MEASURING  INSTRUMENT  GAGE  LENGTH 

SIOPE  OF  LINEAR  PORTION  OF  FIG.  2 
(POISSON'S  RATIO,  u) 

ELASTIC  MODULUS  (E)  E=  (&P/AL)(I/A)  P 

E  = 

E  =■ 


LB 

IN 

PSI 

IN 


COMMENTS: 
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2.0.2  LCW/HIGH  TEMPERATCJRE/HIGH  HUMIDITY  SHEAR  TEST 

2. 0.2.1  FURFQSE.  This  test  is  to  verify  the  mechanical 
properties  of  W3X282-42-F593  composite  material 
when  this  material  is  subjected  to  extreme 
environmental  conditions. 

2. 0.2. 2  TEST  SPECIMENS.  Twenty  specimens  will  be  tested,  ten 

each  for  high  and  low  temperature  tests.  Each  specimen 
will  consist  of  8  plies  of  prepreg  with  a  [ +  45] 
layup  symmetric  about  the  midplane.  The  total 
specimen  thickness  will  be  .072  inches  and  they  will 
be  1.000  i  .010  inches  wide  by  a  minimum  of  10.0 
inches  total  length  with  endtabs  bonded  on  each  side 
of  each  end.  Additional  specimen  details  will  conform 
to  section  7  and  figure  1  of  ASTM  D  3039. 

2. 0.2.3  TEST  EC^JIPMENT.  The  equipment  required  to  perform  this 
test  consists  of: 

1)  A  tensile  test  machine  with  grips  capable  of 
securing  the  specimens  described  in  section 
2. 0.2. 2.  It  shall  also  be  capable  of  applying 
a  constant  crosshead  movement  of  .050  inches 
per  minute.  A  load  indicator,  accurate  to 
within  t  1%  of  the  maximum  indicated  test  load, 
must  be  included  as  part  of  the  test  machine 
and  the  machine  must  be  capable  of  plotting 
load  vs.  longitudinal  and  transverse  strain. 

2)  A  liquid  nitrogen  chamber  capable  of  -65  iiOF 
minimum. 

3)  A  constant  temperature  water  bath  or  equivalent 
capable  of  200  1 10F  minimum. 

4)  A  biaxial  extensometer  that  is  compatible  with 
the  test  machine  described  in  #1  above. 

2. 0.2.4  TEST  PROCEDURES,  LOW  TEMPERAIURES . 

1)  Measure  the  width,  thickness ,  and  length  of  the 
ten  specimens  in  several  places  and  record  the 
minimum  value  of  each  on  the  data  sheet. 

(See  included  sample  data  sheet) 

2)  Place  the  test  specimens  in  the  liquid 
nitrogen  chamber  and  allow  them  to  reach 
-65  -  10F  throughout.  (Minimum  time  12  hours) 

3)  Set  the  test  machine  to  provide  a  constant 
cross  head  speed  of  .050  inch/min 

4)  Install  a  specimen  in  the  grips  and  attach  the 
extensometer  so  a  reading  of  longitudinal  and 
transverse  strain  is  obtained. 
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5)  Apply  the  load  and  continuously  record  the  load 
longitudinal  strain  and  transverse  strain. 

6)  Record  the  maximum  load  carried  by  the  specimen 
on  the  data  sheet  and  plot  the  two  strains  on 
the  graph  on  the  data  sheet. 

7)  Record  each  strain  at  or  as  near  as  possible  to 
the  moment  of  rupture. 

8)  Calculate  and  record  to  three  significant 
figures: 

1.  Shear  strength 

2.  Shear  modulus 

9)  Repeat  steps  4  through  8  for  the  remaining 

specimens. 

10)  Calculate  and  record  to  three  significant 
figures  for  each  property  listed  in  step  9: 

1.  Average  value 

2.  Standard  deviation 

3.  Coefficient  of  variation 

2. 0.2. 5  TEST  PROCEDURES,  HIGri  TEMFERATURE/HIGH  HUMIDITY 

1)  Measure  the  width  and  thickness  of  the  ten 
remaining  specimens  in  several  places  and 
record  the  dimensions  that  yield  the  minimum 
cross  sectional  area  of  each  specimen  on  the 
data  sheet. 

2)  Condition  these  specimens  per  SE  8-256F, 
section  5.3.3  with  the  exception  of  a  200 -  10F 
immersion  instead  of  the  160  * 10F  immersion. 

3)  Repeat  steps  3  thru  10  from  section  2. 0.3. 4 

2. 0.2. 6  ACCEPTANCE  CRITERIA.  A  statistical  analysis  will  be 
performed  on  the  test  results  to  establish  a  standard 
deviation  and  mean.  The  results  will  be  acceptable  if 
there  is  a  99%  probability  of  falling  within  one  standard 
deviation  of  the  mean.  In  the  event  that  one  data  point 
lies  outside  of  this  range,  that  point  will  be  delated 
from  the  data  set  and  another  specimen  will  be  tes-ed 
and  inserted  into  the  data  set.  If  any  specimen  fails 
due  to  non-test  related  conditions  or  obvious 
manufacturing  problems,  that  specimen  shall  be  discarded 
and  another  will  be  tested  and  inserted  into  the  data 
set. 
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2. 0.2. 7  CRITICAL  TEST  CONDITIONS. 

1)  The  temperatures  of  the  nitrogen  chamber  and 
the  water  bath  will  be  -65  1 10F  and  200  i  10F, 
respectively. 


2. 0.2. 8  TEST  SCHEDULE.  Results  from  these  tests  will  be 

provided  to  the  customer  no  later  than  30  days  after 
test  completion. 
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LDW/HIGH  TEMFERATURE/HIGi  HUMIDITY  SHEAR  TEST 
DATA  SHEET  2 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


$ 


•f!fl 


$ 


•t'J 

ij 


k 

II 

In 

t  r 


1$ 


VOID  CONTENT  OF  MATERIAL: 
VOLUME  %  REINFORCEMENT: 
SPECIMEN  TEMPERATURE: 
CROSSHEAD  SPEED: 

TEST  TEMPERATURE: 

TEST  HUMIDITY: 
CONDITIONING: 


_  DEG  F 

.050  IN/MIN 

_  DEG  F 

% 


SPECIMEN  GAGE  DIMENSIONS  (MINIMUM  VAIDES) 

SPECIMEN  NO.  W  (IN)  X  T  QN]  =  A  rSQ  INI 

1  _  _  _ 

2  _  _  _ 

3  _  _  _ 

4  _  _  _ 

5  _  _  _ 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION,  AND  COEFFICIENT  OF 
VARIATION  OF  THE  FOLLOWING  (SEE  ASTM  D  3518  FOR  FORMULAS)  : 


STD  DEV 


1)  SHEAR  STRENGTH 

PSI 

PSI 

2)  SHEAR  MODULUS 

PSI 

PSI 

3)  LONG.  STRAIN  @  RUP 

IN 

IN 

4)  TRAN.  STRAIN  @  RUP 

IN 

IN 

I 


1 


i 
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LCW/HIGK  TEMFERA1URE/HIGK  HUMIDITY  SHEAR  TEST 
DATA  SHEET  2 


LOAD  AND  STRAIN  DATA: 


R 


SPECIMEN  NUMBER 


ShrAR 

STRESS 

(PSI) 


SHEAR  STRAIN  IS  DEFINED  AS 
LONGITUDINAL  STRAIN  (c  J  AT 
ANY  GIVEN  LOAD  MINUS  TRANS¬ 
VERSE  STRAIN  (E-r)  AT  THAT 
SAME  LOAD. 


SHEAR  STRAIN 


FIGURE  1. 


MAXIMUM  LOAD  CARRIED  (P)  _  LBS 

LONGITUDINAL  STRAIN  @  RUPTURE  (  )  _  IN 

TRANSVERSE  STRAIN  §  KDFIURE  (  )  _  IN 

SHEAR  STRENGIH  (S=P/2WT)  _  PSI 

SLOPE  OF  LINEAR  PORTION  OF  FIG.  1  _  PSI 

(SHEAR  MODULUS,  PSI) 

COMMENTS: 
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2.0.3  LOW/HIGH  TEMPERAIURE/KIGH  HUMIDITY  COMPRESSION  TEST 

2 . 0 . 3' .  1  PURPOSE.  This  test  is  to  verify  the  mechanical 

properties  of  W3X2S2-42-F593  composite  material  when 
this  material  is  subjected  to  environmental  extremes. 

2. 0.3. 2  TEST  SPECIMENS.  Eighty  specimens  will  be  tested,  twenty 
each  for  strength  and  stiffness  tests  at  both  high  and 
low  temperatures.  Of  each  set  of  twenty  specimens,  ten 
will  be  tested  for  properties  in  the  warp  direction  (0 
degrees)  and  ten  for  properties  in  the  fill  direction 
(90  degrees) .  Each  strength  specimen  will  consist  of  6 
plies  of  prepreg  with  a  [0]  layup.  Total  specimen 
thickness  will  be  0.054  inches  before  endtabs  are 
added.  Specimens  will  measure  .500  -  .001  inch  wide  by 
a  irunimum  of  2.200  inches  long  and  will  have  .500  inch  by 
1.000  inch  endtabs  on  each-sride  of  easherxhJThese  tabs 
will  be  made  from  6  plies  of  7781  glass  fabrichnd  will 
be  bound  to  the  specbnen'wifh~3M  -  CA~40H~adhesIve\_  The 
stiffness  specimens  (40  total )S#M1  be  identical  to  the 
strength  specimens  except  they  will  not  have  endtabs. 

2. 0.3. 3  TEST  EQUIPMENT.  The  equipment  required  to  perform  this 
test  consists  of: 

1)  A  compressive  test  machine  with  grips  capable 
of  securing  the  test  specimens  described  in 
section  2. 0.3. 2  above.  It  shall  be  capable  of 
applying  a  constant  crosshead  movement  of  .050 
inches  per  minute  and  it  shall  be  equipped  with 
a  load  indicator  accurate  to  within  1 1%  of  the 
maximum  indicated  test  load.  The  machine  must 
be  capable  of  continuously  recording  load, 
longitudinal  strain,  and  transverse  strain. 

2)  A  liquid  nitrogen  chamber  capable  of  -65  1 10F 
minimum. 

3)  A  constant  temperature  water  bath  or  equivalent 
capable  of  200  1 10F  minimum. 

4)  Strain  gages  compatible  with  the  test  machine 
described  in  #1  above. 

2. 0.3. 4  TEST  PROCEDURES,  LOW  TEMPERATURES. 

1)  Measure  the  width,  thickness , and  length  of 
twenty  strength  and  twenty  stiffness  specimens 
in  several  places  and  record  the  dimensions 
that  yield  the  minimum  cross  sectional  area  for 
each  specimen  on  the  data  sheet. 

2)  Place  the  test  specimens  in  the  liquid 
nitrogen  chamber  and  allow  them  to  reach 
-65-10F  throughout.  (Minimum  time  1  hour) 
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3)  Set  the  test  machine  to  provide  a  constant 
cross  head  speed  of  .050  inch/min 

4)  Install  a  strength  specimen  in  the  machine. 

5)  Apply  the  load  and  record  the  load  that  causes 
the  specimen  to  fracture. 

6)  Repeat  steps  4  and  5  for  the  remaining  strength 
specimens. 

7)  Calculate  the  compression  strength  of  each 
specimen  and  the  average  compression  strength 
of  the  specimens  and  record  on  the  data  sheet. 

8)  Attach  strain  gages  to  the  stiffness  specimens 
such  that  the  gages  are  located  in  the  middle 
of  the  gage  portion  of  the  sample.  One  gage 
shall  be  mounted  to  measure  longitudinal  strain 
and  the  other  gage  shall  be  mounted  on  the 
opposite  side  of  the  sample  in  such  a  way  that 
it  will  measure  transverse  strain. 

9)  Connect  the  strain  gages  to  the  test  machine 
and  apply  the  load. 

10)  Continuously  record  the  applied  load,  the 
longitudinal  strain,  and  the  transverse 
strain. 

11)  Plot  the  longitudinal  strain  vs  the  load  on 
figure  1  of  the  data  sheet. 

12)  Plot  the  longitudinal  strain  vs  the  transverse 
strain  on  figure  2  of  the  data  sheet. 

13)  Calculate  and  record  to  three  significant 
figures: 

1.  Compressive  strength 

2.  Poisson's  ratio 

3.  Modulus  of  elasticity 

14)  Repeat  steps  8  through  13  for  the  remaining 
specimens. 

15)  Calculate  and  record  to  three  significant 
figures  for  each  property  listed  in  step  14: 

1.  Average  value 

2.  Standard  deviation 

3.  Coefficient  of  variation 

2. 0.3. 5  TEST  PPCCEDURES,  Hlffl  TEMPERATURE/HIGH  HUMIDITY 

1)  Measure  the  width  and  thickness  of  the 
remaining  specimens  in  several  places  and 
record  the  dimensions  that  yield  the  minimum 
cross  sectional  area  of  each  on  the  data  sheet. 

2)  Condition  these  specimens  per  H-IS  S-256F, 
section  5.3.3  with  the  exception  of  a  200-  10F 
immersion  instead  of  the  160il0F  immersion. 

3)  Repeat  steps  3  thru  15  from  section  2. 0.3. 4 
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2. 0.3. 6  ACCEPTANCE  CRITERIA.  A  statistical  analysis  will  be 
performed  on  the  test  results  to  establish  a  standard 
deviation  and  mean.  The  results  will  be  acceptable  if 
there  is  a  99%  probability  of  falling  within  one  standard 
deviation  of  the  mean.  In  the  event  that  one  data  point 
lies  outside  of  this  range,  that  point  will  be  deleted 
from  the  data  set  and  another  specimen  will  be  tested 
and  inserted  into  the  data  set.  If  any  specimen  fails 
due  to  non-test  related  conditions  or  obvious 
manufacturing  problems,  that  specimen  shall  be  discarded 
and  another  will  be  tested  and  inserted  into  the  data 
set. 

2. 0.3. 7  CRITICAL  TEST  CONDITIONS. 

1)  The  temperatures  of  the  nitrogen  chamber  and 
the  water  bath  will  be  -65  i  10F  and  200  -  10F, 
respectively. 

2. 0.3. 8  TEST  SCHEDULE.  Results  from  these  tests  will  be 

provided  to  the  customer  no  later  than  30  days  after 
test  completion. 
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IDW/HIGH  TEMPERA1URE/HIGH  HUMIDITY  COMPRESSION  TEST 

DATA  SHEET  3 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


VOID  CONTENT  OF  MATERIAL: 

VOLUME  %  REINFORCEMENT: 

SPECIMEN  TEMPERATURE: 

CROSSHEAD  SPEED: 

SPECIMEN  TYPE  (VJARP  OR  FILL, 

STIFFNESS  OR  STRENGTH)  : 
TEST  TEMPERATURE: 

TEST  HUMIDITY: 

CONDITIONING: 


_ % 

_  DEG  F 

.050  IN/MEN 


DEG  F 

% 


SPECIMEN  GAGE  DIMENSIONS  (MINIMUM  VAIIJES) 


SPEC  NO.  W  (IN)  X  T  (IN)  -  A  (SQ  IN) 


1 


L  (IN) 


2 


3 


4 

5 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION,  AND  COEFFICIENT  OF 
VARIATION  OF  THE  FOLLOWING  (SEE  ASTM  D  695  FOR  FORMULAS)  : 

AVE  STD  DEV  COV 


1)  COMPRESSIVE  STRENGTH 

2)  POISSON'S  RATIO 

3)  MODULUS  OF  ELASTCITY 


PSI 


PSI 


PSI 


PSI 


I 
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LCW/HIQi  TEMPERATURE/KIGi  HUMIDITY  COMPRESSION  TEST 

DATA  SHEET  3 


LOAD  AND  STRAIN  DATA: 

I  SPECIMEN  NUMBER 


LONGITUDINAL  STRAIN  {£L) 


LOAD  (P) 
LES 


&t> 


COMPRESSIVE  STRAIN 
FIGURE  1. 


FIGURE  2. 


MAXIMUM  LOAD  CARRIED  (P)  _  LB 

COMPRESSIVE  STRENGTH  (P/A)  _  PSI 

MODULUS  OF  ELASTICITY  (SLOPE  OF  FIG.  1)  _ 

POISSON'S  RATIO  (SLOPE  OF  FIG.  2)  _ 

COMMENTS: 


vv'v'v 
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2.0.4  LCW/HTGH  TEMPERATURE/HIGH  HUMIDITY  ADHESIVE  TEST  (DOUBLE 
LAP  SHEAR  STRENGTH  AND  FLEXURAL  STRENGTH  METHODS) 

2. 0.4.1  PURPOSE.  This  test  is  to  verify  the  shear  strength  of 
FM  300M  adhesive  when  applied  to  two  different 
substrates,  and  when  subjected  to  extreme 
environmental  conditions.  The  two  substrates  to  be 
tested  are: 

1)  W3X282-42-F593  graphite/epoxy  composite 

2)  HRH  10-1/8-6  honeycomb 

2. 0.4. 2  TEST  SPECIMENS.  Forty  specimens  will  be  tested,  ten 
each  for  high  and  lew  temperature  tests  on  each 
bonding  system..  The  specimens  for  the  first 
substrate  type  shall  be  made  by  making  four  panels  of 
the  bonding  system  and  then  cutting  five  specimens 
from  each  of  these  panels.  The  panels  will  consist  of 
two  8-laver  sheets  of  W3X282-42-F593  fabric  with  a 
[0/0/+45/90/90/-4 5/0/0]  layup  sandwiched  around  the 
substrate.  Panels  will  measure  7 . 000  -  . 125"  wide 
by  9.3041  .125"  long  and  they  will  be  made  per  figure 
2  of  ASTM  D  3528  where  L=.40  +.01  -.05.  The  specimens 
will  be  1.000  1 .010"  wide  and  a  spacer  the  thickness 
of  T2  shall  be  vised  as  shown  in  figure  1  of  ASTM  D 
3528.  T2  shall  be  .162".  Additional  panel/specimen 
details  and  manufacturing  details  shall  conform  to 
sections  5  and  6  of  ASTM  D  3528.  The  honeycomb 
specimens  shall  be  made  by  making  ten  panels  12"  wide 
by  16"  long.  These  panels  shall  include  two  8  ply 
skins  of  the  W3X282-42-F593  fabric  laminate  described 
above  sandwiched  around  a  2.000"  thick  HRH  10-1/8-6 
honeycomb.  The  specimens  will  be  cut  from  these  panels 
in  5"  widths  and  14"  lengths.  Additional  specimen 
details  and  manufacturing  details  shall  conform  to 
ASTM  C  393. 

2 . 0 . 4 . 3  TEST  EQUIPMENT .  The  equipment  required  to  perform  this 
test  consists  of: 

1)  A  tensile  test  machine  with  grips  capable  of 
securing  the  test  specimens  described  in 
section  2. 0.4. 2  above.  It  shall  also  be  capable 
of  applying  a  constant  crosshead  movement  of 
.050"  per  minute.  A  load  indicator,  accurate  to 
within  -  1%  of  the  maximum  indicated  test  load, 
must  be  included  as  part  of  the  test  machine 
and  the  machine  must  be  capable  of  continuously 
recording  the  load,  longitudinal  strain,  and 
transverse  strain. 
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2)  A  liquid  nitrogen  chamber  capable  of  -65  1 10F 
minimum. 

3)  A  constant  temperature  water  bath  or  equivalent 
capable  of  200  ± 10F  minimum. 

4)  A  test  chamber  capable  of  maintaining  thermal 
stability  of  the  specimen  during  the  test. 

5)  Four  steel  bars  2.000"  in  diameter  and  3.000" 
long.  These  bars  must  be  circular  within  .020" 
and  they  must  be  straight  to  within  .015". 

6)  Flexural  test  load  fittings  compatible  with  the 
test  machine  described  in  #1  above.  See  figure 
1  of  ASTM  C  393  for  typical  fittings. 

2. 0.4. 4  TEST  PROCEDURES,  LCW  TEMPERATURE. 

1)  Using  ten  specimens  of  the  W1X282-42-F5S3 
substrate  (specimens  must  betaken  from  each 
panel)  measure  the  width  and  length  of  the 
overlap  within  ±  .  010  inch  and  calculate 

the  shear  area.  Record  this  data  on  the  test 
data  sheet. 

2)  Place  the  specimens  in  the  liquid  nitrogen 
chamber  and  allow  them  to  reach  -65 1 10F 
throughout .  (12  hours ) 

3)  Set  the  tensile  test  machine  to  provide  a 
constant  cross  head  speed  of  .050  inch/min 

4)  Install  a  specimen  in  the  grips  so  the  final 
1.25  inch  of  each  end  is  used  for  gripping. 
Remove  all  slack  from  the  linkage. 

5)  Apply  the  load  at  a  rate  of  .050  inch/minute. 

6)  Record  on  the  data  sheet  the  maximum  load 
carried  by  the  specimen. 

7)  Calculate  and  record  to  three  significant 
figures  the  adhesive  shear  stress  at  failure. 

8)  Repeat  steps  4  through  7  for  the  remaining 
specimens. 

9)  Calculate  and  record  to  three  significant 
figures  for  the  adhesive  shear  stress: 

1.  Average  value 

2.  Standard  deviation 

3.  Coefficient  of  variation 

10)  Remove  the  grips  used  for  the  pull  test  and 
set-up  the  machine  for  the  flexure  test  of  the 
honeycomb  substrate  specimens.  (See  figure  1 
of  ASTM  C  393) . 

11)  Set  the  crosshead  speed  at  such  a  rate  that 
the  maximum  lead  will  occur  between  3  and  6 
minutes . 

12)  Measure  the  length  and  width  of  the  adhesive 
bond  cn  the  tan  honeycomb  specimens  and  record 
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on  the  data  sheet. 

13)  Place  the  specimens  in  the  liquid  nitrogen 
chamber  and  allow  them  to  reach  a  constant 
-65  1 10F  temperature  throughout.  (Minimum 
time  12  hours) 

14)  Provide  a  means  of  instrumenting  and 
continuously  monitoring  the  flexure  at  the 
midpoint.  Deflection  measurements  shall  be 
accurate  to  within  i.  001" 

15)  Place  a  specimen  in  the  machine  using  either 
the  midspan  load  or  the  two-point  load  method. 
(See  ASTM  C  393)  . 

16)  Apply  the  load  and  record  the  load  at  which 
the  adhesive  bond  fails.  This  should  be 
evidenced  by  the  deflection  increasing  with  no 
additional  load  or  by  a  disproportionate 
increase  in  deflection  with  an  increase  in 
load. 

17)  Calculate  the  adhesive  shear  stress  and  record 
on  the  data  sheet. 

18)  Repeat  steps  15  thru  17  for  the  remaining 
honeycomb  specimens. 

19)  Calculate  the  average,  standard  deviation,  and 
coefficient  of  variation  of  the  adhesive  shear 
strength  and  record  on  the  data  sheet. 

2. 0.4. 5  TEST  PROCEDURES,  HIGH  TEMFERAJURE/ffiGH  HUMIDITY 

1)  Reinstall  the  pulling  grips  in  the  machine. 

2)  Using  ten  specimens  of  the  W3X282-42-F593 
substrate  (specimens  must  be  taken  from  each 
panel)  measure  the  width  and  length  of  the 
overlap  within  -  .  010  inch  and  calculate 

the  shear  area.  Record  this  data  on  the  test 
data  sheet. 

3)  Condition  these  specimens  per  H^S  8-256F, 
section  5.3.3  with  the  exception  of  a  200 t 10F 
immersion  instead  of  the  160fl0F  immersion. 

4)  Repeat  steps  3  thru  9  from  section  2. 0.4. 4. 

5)  Repeat  steps  10  thru  12  from  section  2. 0.4. 4 

6)  Condition  these  specimens  per  EMS  8-256F, 
section  5.3.3  with  the  exception  of  a  200-  10F 
immersion  instead  of  the  160-  10F  immersion. 

7)  Repeat  steps  14  thru  19  from  section  2. 0.4. 4 
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2. 0.4. 6  ACCEPTANCE  CRITERIA.  A  statistical  analysis  will  be 
performed  on  the  test  results  to  establish  a  standard 
deviation  and  mean.  The  results  will  be  acceptable  if 
there  is  a  99%  probability  of  falling  within  one  standard 
deviation  of  the  mean.  In  the  event  that  one  data  point 
lies  outside  of  this  range,  that  point  will  be  deleted 
from  the  data  set  and  another  specimen  will  be  tested 
and  inserted  into  the  data  set.  If  any  specimen  fails 
due  to  non-test  related  conditions  or  obvious 
manufacturing  problems,  that  specimen  shall  be  discarded 
and  another  will  be  tested  and  inserted  into  the  data 
set. 

2. 0.4. 7  CRITICAL  TEST  CONDITIONS. 

1)  The  temperatures  of  the  nitrogen  chamber  and 
the  water  bath  will  be  -65  ilOF  and  200il0F, 
respectively . 

2. 0.4. 8  TEST  SCHEDUIE.  Results  from  these  tests  will  be 

provided  to  the  customer  no  later  than  30  days  after 
test  completion. 
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IDW/KIQi  TEMPERAIURE/HIGr!  HUMIDITY  ADHESIVE  TEST  (DCUBIE  LAP 
SHEAR  STRENGTH  AND  FLEXURAL  SHEAR  STRENGIH  METHODS) 

DATA  SHEET  4 


DATE: 

TEST  PERSONNEL: 

ADHESIVE  NAME:  FM  300M  MFG  NAME  AND  CODE  NO. 
ADHESIVE  DATA: 

BATCH/LCT  NUMEER  _ 

SURFACE  PREPARATION:  _ 

MIXING  DIRECTIONS :  _ 

APPLICATION  DIRECTIONS: _ 

ASSEMBLY  CONDITIONS :  _ 

Curing  conditions:  _ 

ADDITIONAL  INFORMATION: _ 


ADHEREND  DATA: 

MATERIAL:  _ 

MATERIAL  THICKNESS:  _ 

TEST  TEMPERATURE:  _  DEG  F 

CROSSHEAD  SPEED:  _  IN/MEN 

TEST  DATA 


SPECIMEN  NO.  W(IN)  X  L(IN)  =  A  (SQ  IN)  FINAL  LOAD 

PANEI/ITEM  INTTIAI/  INTTIAI/  INTTIAI/  (LBS) 

FINAL  FINAL  FINAL  P 


/ 

/ 

/ 

/ 

/ 


ADHESIVE 
SHEAR  STRESS 

SPECIMEN  NO.  (PSI) 

PANEI/ITEM  P/2A  (FINAL) 


FAILURE  MODE 
(ADHESION, 
COHESION,  OR 
EASE  MAIERLAL) 


/ 

/ 

/ 

/ 

/ 
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LOW/HI (3i  TEMPERAIURE/HIGH  HUMIDITY  ADHESIVE  TEST  (DOUBLE  IAP 
SHEAR  STRENGTH  AND  FLEXURAL  SHEAR  STRENGTH  METHODS) 

DATA  SHEET  4 

CAIGUIATE  THE  AVERAGE,  STANDARD  DEVIATION,  AND  COEFFIdENT  OF 
VARIATION  OF  THE  ADHESIVE  SHEAR  STRENGTH  (SEE  ASTM  D  3039  FOR 
FORMULAS) : 


AVE 


STD  DEV  COV 


ADHESIVE  SHEAR  STRENGTH 


PSI 


PSI 
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2.0.5  LOW/HIGH  TEMPERATURE/HIGH  HUMIDITY  T-PEEL  ADHESIVE  TEST 

2. 0.5.1  PURPOSE. This  test  is  to  verify  the  peel  resistance 

of  FM  3 00M  adhesive  when  applied  to  a  steel  substrate, 
and  when  subjected  to  extreme  environmental 
conditions . 

2. 0.5. 2  TEST  SPECIMENS.  Twenty  specimens  will  be  tested,  ten 
each  for  high  and  low  temperature  tests.  Four  panels 
of  five  specimens  each  shall  be  made  by  the  following 
procedure.  Lay  five  surface-prepared  1"  by  12"  pieces 
of  steel  (. 015"-. 020"  thick)  side  by  side  on  a  caul 
plate.  Place  a  5"  by  9"  piece  of  film  adhesive  on  the 
five  specimens,  leaving  3"  at  the  end  of  each  specimen 
free  of  adhesive.  Add  a  scrim  cloth  on  top  of  the 
adhesive.  Prepare  another  five  pieces  of  steel  the 
same  way  except  for  the  addition  of  the  scrim  cloth. 
Sandwich  the  two  half-panels  together  and  clamp  to 
give  a  1"  by  9"  by  .005"  thick  bond  line.  Repeat  this 
procedure  for  the  other  three  panels.  After  curing  the 
panels,  snap  the  1"  wide  specimens  apart  and  clean  off 
the  edges.  Lightly  clamp  a  specimen  in  a  vice  and  bend 
the  non-bonded  3"  ends  apart,  perpendicular  to  the 
bond  line  as  shown  in  figure  1  of  ASTM  D  1876.  Repeat 
this  last  step  for  the  other  specimens. 

2. 0.5. 3  TEST  EQUIPMENT.  The  equipment  required  to  perform  this 
test  consists  of: 

1)  A  tensile  test  machine  with  grips  capable  of 
securing  the  test  specimens  described  in 
section  2. 0.5. 2  above  and  capable  of  printing  a 
chart  of  inches  of  separation  vs.  applied  load 

2)  A  liquid  nitrogen  chamber  capable  of  -65i  10F 
minimum. 

3)  A  constant  temperature  water  bath  or  equivalent 
capable  of  200  Z 10F  minimum. 

4)  A  test  chamber  capable  of  maintaining  thermal 
stability  of  the  specimen  during  the  test. 

2 . 0 . 5 . 4  TEST  PROCEDURES ,  LOW  TEMPERATURE . 

1)  Measure  the  width  of  ten  specimens  at  several 
places  and  record  the  average  width  within  .001 
inch  on  the  data  sheet. 

2)  Place  the  specimens  in  the  liquid  nitrogen 
chamber  and  allow  them  to  reach  -65  *  10F 
throughout.  (12  hours  minimum) 

3)  Set  the  tensile  test  machine  to  provide  a 
constant  cross  head  speed  of  .050  inch/min. 

4)  Clamp  a  TEE  specimen  in  the  test  grips  and 
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apply  the  load  while  charting  the  head  movement 
vs.  applied  load. 

5)  Determine  the  peel  resistance  over  at  least  a 
five  inch  length  of  the  bond  line  after  the 
initial  peak. 

6)  Calculate  the  peeling  strength  in  pounds/inch 
of  specimen  width. 

7)  Repeat  steps  2  through  6  for  the  remaining 
specimens . 

8)  Calculate  the  average,  standard  deviation,  and 
coefficient  of  variation  of  the  peeling  load. 

2. 0.5. 5  TEST  PROCEDURES ,  HIGH  TEMPERATURE/HIGH  HUMIDITY 

1)  Measure  the  width  of  ten  specimens  at  several 
places  and  record  the  average  width  within  . 001 
inch  on  the  data  sheet. 

2)  Condition  these  specimens  per  BMS  8-256F, 
section  5.3.3  with  the  exception  of  a  200±  10F 
immersion  instead  of  the  160±10F  immersion. 

3)  Repeat  steps  4  thru  8  from  section  2. 0.5. 4 

2. 0.5. 6  ACCEPTANCE  CRITERIA.  A  statistical  analysis  will  be 
performed  on  the  test  results  to  establish  a  standard 
deviation  and  mean.  The  results  will  be  acceptable  if 
there  is  a  99%  probability  of  falling  within  one  standard 
deviation  of  the  mean.  In  the  event  that  one  data  point 
lies  outside  of  this  range,  that  point  will  be  deleted 
from  the  data  set  and  another  specimen  will  be  tested 
and  inserted  into  the  data  set.  If  any  specimen  fails 
due  to  non-test  related  conditions  or  obvious 
manufacturing  problems,  that  specimen  shall  be  discarded 
and  another  will  be  tested  and  inserted  into  the  data 
set. 

2. 0.5. 7  CRITICAL  TEST  CONDITIONS. 

1)  The  temperatures  of  the  nitrogen  chamber  and 
the  water  bath  will  be  -65  +  10F  and  200-  10F, 
respectively. 

2. 0.5. 8  TEST  SCHEDULE.  Results  from  these  tests  will  be 

provided  to  the  customer  no  later  than  30  days  after 
test  completion. 
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LOW/HIGH  TEMPERAIURE/HIGI  HUMIDITY  T-PEEL  ADHESIVE  TEST 

DATA  SHEET  5 


DATE: 

TEST  PERSONNEL: 

ADHESIVE  NAME:  FM  300M 
ADHESIVE  DATA: 

BATCH/IOT  NUMBER 
SURFACE  PREPARATION: 
MIXING  DIRECTIONS: 
APPLICATION  DIRECTIONS : 
ASSEMBLY  CONDITIONS: 
CURING  CONDITIONS: 
ADDITIONAL  INFORMATION: 

ADHEREND  DATA: 

MATERIAL: 

MATERIAL  THICKNESS: 

TEST  TEMPERATURE: 

CROSSKEAD  SPEED: 


MFG  NAME  AND  CODE  NO. 


SPECIMEN  NO. 
PANEL/TTEM 


SPECIMEN 
WIDTH 
W  (IN 


ADHESIVE 

THICKNESS 


_  DEG  F 
_  IN/MIN 

TEST  DATA 


LOAD  REQ'D 
TO  PEEL  5  IN. 
P  (UBS' 


FAILURE  MODE 
PEEL  (ADHESION, 
STRENGTH  COHESION,  OR 
BASE  MAT'D 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION,  AND  COEFFICIENT  OF 
VARIATION  OF  THE  ADHESIVE  PEEL  STRENGTH  (SEE  ASTM  D  3039  FOR 
FORMULAS) : 


STD  DEV 


ADHESIVE  PEEL  STRENGTH 


LB/IN 


LB/IN 


2.0.6  TRUNNION  LUG  TESTS 
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2. 0.6.1  FURPOSE.  These  tests  are  to  verify  the  sizing  of  the 
cradle  trunnion  lug  when  exposed  to  simulated  firing 
loads  (compression  test)  and  simulated  towing  loads 
(tensile  test) .  The  trunnion  lug  will  be  tested  because 
it  is  the  most  critical  of  the  composite  joints. 

2. 0.6. 2  TEST  SPECIMEN.  Two  tensile  specimens  and  two 

compression  specimens  will  be  tested.  The  specimen 
geometries  will  be  per  Figure  2.1.  The  specimen  lav-ups 
will  match  the  layup  of  the  current  trunnion  design. 

2. 0.6. 3  TEST  EQUIPMENT.  The  equipment  required  to  perform 
these  tests  consists  of: 

1)  A  tensile  test  machine  with  fixtures  and  grips 
capable  of  securing  the  test  specimens  described 
in  section  2. 0.6. 2  above.  It  shall  also  be 
capable  of  applying  a  constant  crosshead 
movement  of  .050"/min.  A  lead  indicator, 
accurate  to  within  -  1%  of  the  maximum  indicated 
test  lead,  must  be  included  as  part  of  the  test 
machine  and  the  machine  must  be  capable  of 
continuously  recording  the  load. 

2)  A  compressive  test  machine  with  fixtures  and 
grips  capable  of  securing  the  test  specimens 
described  in  section  2. 0.6. 2  above.  It  shall  be 
capable  of  applying  a  constant  crosshead 
movement  of  .Q50"/min  and  it  shall  be  equipped 
with  a  load  indicator  accurate  to  within  -  1%  of 
the  maximum  indicated  test  load.  The  machine 
must  be  capable  of  continuously  recording  load. 

2. 0.6. 4  TENSILE  TEST  PROCEDURE. 

1)  Calculate  the  tensile  area  of  the  bearing 
specimens  and  record  this  on  the  data  sheet. 

2)  Install  a  specimen  in  the  machine. 

3)  Set  the  crosshead  speed  of  the  test  machine  to 
.050"/min  and  apply  the  load. 

4)  Apply  the  load  and  record  the  lead  that  causes 
the  specimen  to  fail. 

5)  Remove  the  load  and  remove  the  specimen. 

6)  Repeat  steps  2  through  5  for  the  second 
specimen. 

7)  Calculate  the  tensile  strength  of  each 
specimen  and  the  average  tensile  strength. 

Record  on  the  data  sheet. 
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2 . 0 . 6 . 5  COMPRESSION  TEST  PROCEDURE 

1)  Calculate  the  bearing  area  of  the 
compression  specimens  and  record  this  on  the 
data  sheet. 

2)  Install  a  specimen  in  the  machine. 

3)  Set  the  test  machine  to  provide  a  constant 
crosshead  speed  of  .050"/min- 

4)  Apply  the  load  and  record  the  load  that  causes 
the  specimen  to  fail. 

5)  Remove  the  load  and  remove  the  specimen. 

6)  Repeat  steps  2  through  5  for  the  second 
specimen. 

7)  Calculate  the  compression  strength  of  each 
specimen  and  the  average  compression  strength. 
Record  on  the  data  sheet. 

2. 0.6. 6  ACCEPTANCE  CRITERIA.  These  tests  will  be  acceptable  if 
there  is  reasonable  agreement  between  the  two  data 
points  of  each  test. 

2. 0.6.7  CRITICAL  TEST  CONDITIONS. 

1)  The  size  of  the  specimens  will  be  per  Figure  2.1. 

2. 0.6. 8  TEST  SCHEDULE.  Results  from  these  tests  will  be 

provided  to  the  customer  no  later  than  30  days  after 
test  completion. 
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TRUNNION  LUG  TEST  DATA  SHEET  6 
TENSILE  TEST 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


VOID  CONTENT  OF  MATERIAL:  _ 

VOLUME  %  REINFORCEMENT:  _ % 

CROSSHEAD  SPEED:  _  IN/MIN 

TEST  TEMPERATURE :  _ F 

TEST  HUMIDITY:  _ % 


SPECIMEN  NO.  HEARING  AREA  TENSILE  STRENGIH 
_ fSO  IW _ CPSI) _ 


AVERAGE  TENSILE  STRENGTH: 


PSI 


COMMENTS 


Vi 


»'j 

A 

A 
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TRUNNION  IDG  TEST  DATA  SHEET  6 
COMPRESSION  TEST 


s 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


SI 

si 


VOID  CONTENT  OF  MATERIAL: 
VOLUME  %  REINFORCEMENT: 
CROSSHEAD  SPEED: 

TEST  TEMPERATURE: 

TEST  HUMIDITY: 


IN/MIN 


1 

I 

t 


SPECIMEN  NO. 


BEARING  AREA 
(SO  INI 


COMPRESSION  STRENGTH 


§  & 
,v 


n 


AVERAGE  COMPRESSION  STRENGTH: 


COMMENTS: 


1 


y. 

ft 


S?  *3 

•5  to 
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t-^<:tLE  SPECIMEN 
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2.0.7  CHEMICAL  RESISTANCE  TEST 

2. 0.7.1  PURPOSE.  This  test  is  to  assess  the  affects  of  hydraulic 
fluid  and  ethylene  glycol  solutions  on  the  material 
properties  of  W3X2S2-42-F593  composite  material. 

2. 0.7.2  TEST  SPECIMENS.  Twenty  specimens  will  be  tested,  ten  each 
for  tensile  and  shear  tests  at  high  temperature.  The  ten 
tensile  specimens  will  consist  of  S  plies  of  prepreg 
with  a  [0/0/+45/90/90/-4 5/0/0]  layup.  Total  specimen 
thickness  will  be  .072  inches.  Specimens  will  measure 
1.000  t  -010  inches  wide  by  a  minimum  of  10.0  inches 
total  length  with  end  tabs  bonded  on  each  side  of  each 
end.  Additional  specimen  details  will  conform  to 
section  7  and  figure  1  of  ASTM  D  3039.  The  ten  shear 
specimens  will  be  identical  to  the  tensile  specimens 
except  their  layup  will  be  [±45],  symmetric  about  the 
mid-plane. 

2. 0.7. 3  TEST  EQUIPMENT.  The  equipment  required  to  perform  this 
test  consists  of: 

1)  A  tensile  test  machine  with  grips  capable  of 
securing  the  specimens  described  in  section 
2. 0.7. 2.  This  machine  shall  be  capable  of 
providing  a  direct  record  of  applied  load, 
longitudinal  strain,  and  transverse  strain.  The 
machine  shall  also  be  capable  of  providing  a 
constant  crcsshead  speed  of  .050  inches/minute. 

2)  A  200 ±  10F  bath  of  a  50  %  solution  of  ethylene 
glycol 

3)  A  200±10F  bath  of  MIL-F-17111  hydraulic  fluid 

4)  A  biaxial  extenscmeter  that  is  compatible  with  the 
test  machine  described  in  #1  above. 

2. 0.7. 4  TEST  PROCEDURES. 

1)  Place  the  tensile  specimens  in  the  ethylene  glycol 
solution  and  allow  them  to  soak  for  48  hours. 

2)  Remove  the  specimens  from  the  ethylene  glycol, 
wipe  off  the  excess  solution,  and  place  the 
specimens  in  the  hydraulic  fluid  bath  for  48 
hours. 

3)  Set  the  test  machine  to  provide  a  constant 
crosshead  movement  of  .050  inches/minute. 

4)  Remove  the  specimens  from  the  hydraulic  fluid  bath 
and  wipe  off  excess  fluid. 

5)  Measure  the  width  and  thickness  of  the  specimens 
in  several  places  and  record  the  dimensions  that 
yield  the  minimum  tensile  area. 
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6)  Install  a  specimen  in  the  grips  and  connect  the 
extenscmeter  to  provide  a  constant  readout  of 
load,  longitudinal  strain,  and  transverse  strain. 

7)  Apply  the  load  and  plot  the  data  onto  figures  1 
and  2  of  the  data  sheet. 

8)  Record  the  maximum  load  carried  and  the  extension 
at  or  as  near  as  possible  to  the  mcnant  of 
rupture. 

9)  Calculate  and  record  to  three  significant  figures: 

1.  Tensile  strength 

2.  Elastic  modulus 

3.  Poisson's  ratio 

10)  Repeat  steps  6  thru  S  for  the  remaining  specimens 

11)  Calculate  and  record  to  three  significant  figures 
for  each  property  listed  in  step  9: 

1)  Average  value 

2)  Standard  deviation 

3)  Coefficiant  of  variation 

12)  Repeat  steps  1  thru  6  for  the  shear  specimens. 

13)  Apply  the  load  and  plot  the  data  onto  figure  3 
of  the  data  sheet. 

14)  Repeat  steps  8  thru  9. 

15)  Repeat  steps  12  thru  14  for  the  remaining 
specimens. 

16)  Repeat  step  11  for  the  shear  specimens. 

2. 0.7. 5  ACCEPTANCE  CRITERIA.  A  statistical  analysis  will  be 

performed  on  the  test  results  to  establish  a  standard 
deviation  and  mean.  The  results  will  be  acceptable  if 
there  is  a  99%  probability  of  falling  within  one  standard 
deviation  of  the  mean.  In  the  event  that  one  data  point 
lies  outside  of  this  range,  that  point  will  be  deleted 
from  the  data  set  and  another  specimen  will  be  tested 
and  inserted  into  the  data  set.  If  any  specimen  fails 
due  to  non-test  related  conditions  or  obvious 
manufacturing  problems,  that  specimen  shall  be  discarded 
and  another  will  be  tested  and  inserted  into  the  data 
set. 

2 . 0 . 7 . 6  CRITICAL  TEST  CONDITIONS . 

1)  The  temperatures  of  the  fluid  baths  in  section 
2. 0.7. 3,  items  2  and  3,  will  be  200  ll0F. 

2. 0.7. 7  TEST  SCHEDULE.  Results  from  these  tests  will  be  provided 
to  the  customer  no  later  than  30  days  after  test 
completion. 
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CHEMICAL  RESISTANCE  TEST  DATA  SHEET  7 

DATE: 

TEST  PERSONNEL: 

MATERTAL  DESCREPITON: 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION , 
VARIATION  OF  THE  FOLLOWING  (SEE  ASTM  D  3039 

AND  COEFFICIENT 
FOR  FORMULAS)  : 

OF 

AVE 

STD  DEV 

COV 

1)  TENSILE  STRENGTH 

PSI 

PSI 

2)  ELASTIC  MODULES 

PSI 

PSI 

3)  POISSON'S  RATIO 


vV 

>v 
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CHEMICAL  RESISTANCE  TEST  DATA  SHEET  7 


LOAD  AND  STRAIN  DATA: 


LONGITUDINAL  STRAIN  (Ll  ) 


SPECIMEN  NUMBER 


ICAO  (P) 
LBS 


(Lt) 


STRAIN  (L)  INCHES/INCH 
FIGURE  1. 


FIGURE  2. 


MAXIMUM  LOAD  CARRIED 
TENSILE  STRENGTH 

SLOPE  OF  LINEAR  PORTION  OF  FIG.  1 

MEASURING  INSTRUMENT  GAGE  LENGTH 

SLOPE  OF  LINEAR  PORTION  OF  FIG.  2 
(POISSON'S  RATIO,  u) 

ELASTIC  MODULUS  (E)  E  =  (A  P/AL)  (L/A)  PSI 

E  = 

E  = 


COMMENTS: 


2/4 


AD-A182  996 LIGHTWEIGHT  TONED  HOHITZEB  DEMONSTBATOB  PHASE  1  AND 
PABTIAL  PHASE  2  VOLUM  OJ)  FHC  COBP  MINNEAPOLIS  MINN 
NOBTHEBN  OBONANCE  DIV  B  BATHE  ET  AL  APB  8? 

UNCLASSIFIED  FMC-E-2841-V0L-F  DAAA21-88-C-0047  F/G  19/«  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS-  1963-A 
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CHEMICAL  RESISTANCE  TEST  DATA  SHEET  7 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


VOID  CONTENT  OF  MATERIAL: 
VOLUME  %  REINFORCEMENT: 
SPECIMEN  TEMPERATURE: 
CROSSHEAD  SPEED: 

TEST  TEMPERATURE: 

TEST  HUMIDITY: 
CONDITIONING: 


% 


_  DEG  F 

.050  IN/MEN 

_  DEG  F 

_ % 


SPECIMEN  GAGE  DIMENSIONS  (MINIMUM  VALUES) 

specimen  no.  w  run  x  t  ran  =  a  rso  nn 

1  _ _  _  _ 


2 

3 

4 

5 


R 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION,  AND  COEFFICIENT  OF 
VARIATION  OF  THE  FOLLOWING  (SEE  ASTM  D  3518  FOR  PORMUIAS) : 


AVE 


STD  DEV 


OOV 


1)  SHEAR  STRENGTH 


PSI 


PSI 


2)  SHEAR  MODULUS  _  PSI  _  PSI 

I 
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CHEMICAL  RESISTANCE  TEST  DATA  SHEET  7 


LOAD  AND  STRAIN  DATA: 


SHEAR 

STRESS 

(PSI) 


SPECIMEN  NUMBER 


SHEAR  STRAIN 


FIGURE  3. 


SHEAR  STRAIN  IS  DEFINED  AS 
IONGITUDINAL  STRAIN  (£c)  AT 
ANY  GIVEN  LOAD  MINUS  TRANS¬ 
VERSE  STRAIN  (CT)  AT  THAT 
SAME  LOAD. 


MAXIMUM  LOAD  CARRIED  (P) 

SHEAR  STRENGTH  (S=P/2WT) 

SLOPE  OF  LINEAR  PORTION  OF  FIG.  1 
(SHEAR  MODULUS,  PSI) 


COMMENTS: 


p‘i .  ** 

ITHD 

TITANIUM  TESTING 

TEST  1140 

2 . 1  WELD  JOINT  TESTS 

2.1.1  TITANIUM  WELD  TEST 

2. 1.1.1  PURPOSE.  This  test  is  to  verify  the  mechanical 
properties  of  Titanium  weld  joints.  Tensile  strength 
tests, radiographic  inspections,  and  macro-etching 
inspections  will  be  conducted. 

2. 1.1. 2  TEST  SPECIMENS.  Ten  plate  specimens  will  be  tested 
for  each  test.  These  specimens  will  be  machined  from  a 
welded  panel  made  by  butt-welding  two  .125"  plates  per 
MIL-STD-1595 .  This  base  panel  shall  be  IS"  wide  (9" 
per  plate)  by  36"  long. 

2. 1.1. 2.1  TENSILE  SPECIMENS.  The  tensile  specimens  shall 
conform  to  figure  6.  of  ASTM  E  8-84  with 
dimensions  for  a  standard  1.5"  wide  plate 
specimen.  Specimens  shall  be  machined  such  that 
the  weld  joint  is  centered  in  the  "G"  dimension. 

2. 1.1. 2. 2  RADIOGRAPHIC  SPECIMENS.  The  radiographic 
specimens  shall  be  prepared  from  the  cutouts  of 
the  tensile  panels. 

2. 1.1. 2. 3  MACKOINSPECnON  SPECIMENS.  The  specimens  used  for 
macroinspection  shall  be  prepared  from  the 
cutouts  of  the  tensile  panels.  These  specimens 
will  be  cut  and  ground  across  the  weld  and  then 
etched  with  etchant  composition  187  per  ASTM 

E  407-70. 

2. 1.1. 3  TEST  EQUTEMENT.  The  equipment  required  to  perform 
these  tests  consists  of: 

1)  A  tensile  test  machine  with  grips  capable  of 
securing  the  specimens  described  in  section 
2. 1.1. 2.1  above.  This  machine  must  be  capable 
of  a  constant  crosshead  motion  of  .050  inch  per 
minute  and  it  must  be  capable  of  continuously 
recording  applied  load,  axial  strain,  and 
transverse  strain. 

2)  A  biaxial  extenscmeter  that  is  compatible  with 
the  tensile  test  machine. 

3)  Etchants  as  required  for  macroscopic 
examination  of  the  weld  joints  and  as  described 
in  ASTM  E  407-70. 

4)  An  X-RAY  facility  capable  of  radiographic 
inspection  of  Titanium  weld  joints. 
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2. 1.1. 4  TEST  EROCEDURES,  TENSILE  TEST. 

1)  Measure  the  width  and  thickness  of  the  tensile 
specimens  in  several  places  and  record  the  dimensions 
that  yield  the  minimum  cross  sectional  area  of  each 
specimen  on  the  data  sheet. 

2)  Secure  a  specimen  in  the  grips  and  set  the  crosshead 
speed  to  .050  inch/minute. 

3)  Attach  the  extensameter  to  the  specimen  and  set  the 
tensile  test  machine  to  continuously  record  load, 
axial  strain,  and  transverse  strain. 

4)  Apply  the  load  and  record  the  information  on  data 
sheet  8. 

5)  Calculate  the  tensile  strength  and  record  it  on  the 
data  sheet. 

6)  Repeat  steps  2  thru  5  for  the  remaining  specimens. 

7)  Calculate  and  record  to  three  significant  figures: 

1.  Average  tensile  strength  of  weld  joint 

2.  Standard  deviation  of  weld  joint  strength 

3.  Coefficient  of  variation  of  weld  joint  strength 

2. 1.1. 5  TEST  PROCEDURES,  MACROSCOPIC  INSPECTION. 

1)  Cut  the  specimen  perpendicular  to  and  .500"  each  side 
of  the  weld  and  grind  the  cut  surface  smooth. 

2)  Etch  the  specimen  with  etchant,  composition  187,  from 
ASTM  E  407. 

3)  Examine  the  weld  grain  structure  microscopically 

4)  Repeat  steps  1  thru  3  for  ten  total  specimens. 

2. 1.1. 6  TEST  PROCEDURES,  RADIOGRAHECC  INSPECTION. 

1)  Radiographic  inspection  shall  be  performed  in 
accordance  with  ASTM  E  94  using  quality  level  2-2T. 

2)  Quality  shall  be  per  ASTM  E  142. 

2. 1.1.7  ACCEPTANCE  CRITERIA. 

1)  Finished  welds  may  have  a  light  wheat  or  straw 
colored  heat  tint.  Darker  heat  tints  are  not 
acceptable. 

2)  No  crack  type  defects  shall  be  allowed. 

3)  lack  of  penetration  and  lack  of  fusion  are  not 
acceptable. 

4)  Tungsten  inclusions  shall  be  counted  as  porosity. 

5)  Porosity  in  excess  of  that  listed  in  Table  XIII 
shall  not  be  allowed. 
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2.1. 1.9  CRITICAL  TEST  CONDITIONS. 

1)  Direction  of  the  central  beam  of  radiation  shall  be 
perpendicular  to  the  surface  of  the  film. 

2)  Safety  measures  shall  be  followed  in  accordance  with 
the  National  Committee  on  Radiation  Protection  and 
Measurement. 

2.1.1.10  TEST  SCHEDULE.  Results  from  these  tests  will  be 
provided  to  the  customer  no  later  than  30  days  after 
test  completion. 


IIEHD 

TITANIUM  TESTING 
TEST  1140 
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TITANIUM  WELD  JOINT  IEST 
DATA  SHEET  8 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


FRACTURE  LOCATION:  AT  WELD  JOINT 

WELD  DEFECTS  EVIDENT  _ 


NOT  AT  WELD  JOINT 


CROSSHEAD  SPEED: 
TEST  TEMPERATURE: 
TEST  HUMIDITY: 


.050  IN/MIN 

_  DEG  F 

_ % 


SPECIMEN  GAGE  DIMENSIONS  (MINIMUM  VALDES) 

SPECIMEN  NO.  W  HID  X  T  (IN)  =  A  (SO  IN) 

1  _  _  _ 

2  _  _  _ 

3  _  ______  _ 

4  _  _  _ 

5  _  _  _ 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION,  AND  COEFFICIENT  OF 
VARIATION  OF  THE  FOLLOWING  (SEE  ASTM  D  3039  FOR  FORMULAS) : 


AVE 


STD  DEV 


COV 


1)  TENSILE  STRENGTH  _ 

PSI 

PSI 

2)  ELASTIC  MODULUS 

PSI 

PSI 

3 'I  POISSON'S  RATIO 

4)  EXT  §  RUPTURE 

IN 

IN 

mm 
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TITANIUM  WELD  JOINT  TEST 
DATA  SHEET  8 


LOAD  AND  STRAIN  DATA: 


LONGITUDINAL  STRAIN  (£L) 


LOAD  (P) 
LBS 


SPECIMEN  NUMBER 


STRAIN  (L)  INCHES/INCH 


FIGURE  1. 


FIGURE  2. 


MAXIMUM  LOAD  CARRIED 
EXTENSION  AT  RUPTURE 
TENSILE  STRENGTH 

SLOPE  OF  LINEAR  PORTION  OF  FIG.  1 

MEASURING  INSTRUMENT  GAGE  LENGTH 

SLOPE  OF  LINEAR  PORTION  OF  FIG.  2 
(POISSON'S  RATIO,  u) 

ELASTIC  MODULUS  (E)  E=  (&P/AL)(L/A)  PSI 


COMMENTS: 
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2.1.2  AILMINUM  STLIOON  CARBIDE  WELD  TEST 

2. 1.2.1  PURPOSE.  Hois  test  is  to  verify  the  mechanical 
properties  of  Aluminum  Silicon  carbide  weld  joints. 
Tensile  strength  tests,  radiographic  inspections,  and 
macroetching  inspections  will  be  conducted. 

2. 1.2. 2  TEST  SPECIMENS.  Ten  plate  specimens  will  be  tested 
for  each  test.  These  specimens  will  be  machined  from  a 
welded  panel  made  by  butt-welding  two  .125"  plates  per 
MEL-STD-1595 .  This  base  panel  shall  be  18"  wide  (9" 
per  plate)  by  36"  long. 

2. 1.2. 2.1  TENSILE  SPECIMENS.  The  tensile  specimens  shall 
conform  to  figure  '6.  of  ASTM  E  8-84  with 
dimensions  for  a  standard  1.5"  wide  plate 
specimen.  Specimens  shall  be  machined  such  that 
the  weld  joint  is  centered  in  the  "G"  dimension. 

2. 1.2. 2. 2  RADIOGRAPHIC  SPECIMENS.  The  radiographic 
specimens  shall  be  prepared  from  the  cutouts  of 
the  tensile  panels. 

2. 1.2. 2. 3  MACROINSPECTION  SPECIMENS.  The  specimens  vised  for 
macroinspection  shall  be  prepared  from  the 
cutouts  of  the  tensile  panels.  These  specimens 
will  be  cut  and  ground  across  the  weld  and  then 
etched  with  etchant  composition  2  per  ASTM  E 
407-70. 

2. 1.2. 3  TEST  EQUIPMENT.  The  equipment  required  to  perform 
these  tests  consists  of: 

1)  A  tensile  test  machine  with  grips  capable  of 
securing  the  specimens  described  in  section 

2. 1.2. 2.1  above.  This  machine  must  be  capable 
of  a  constant  crosshead  motion  of  .050  inch  per 
minute  and  it  must  be  capable  of  continuously 
recording  applied  load,  axial  strain,  and 
transverse  strain. 

2)  A  biaxial  extensometer  that  is  compatible  with 
the  tensile  test  machine. 

3)  Etchants  as  required  for  macroscopic 
examination  of  the  weld  joints  and  as  described 
in  ASTM  E  407-70. 

4)  An  X-RAY  facility  capable  of  radiographic 
inspection  of  aluminum  silicon  carbide  weld 


AlSiC  TESTING 
TEST  1150 


2. 1.2. 4  TEST  PROCEDURES  TENSILE  TEST. 

1)  Measure  the  width  and  thickness  of  the  tensile 
specimens  in  several  places  and  record  the  dimensions 
that  yield  the  minimum  cross  sectional  area  of  each 
specimen  on  the  data  sheet. 

2)  Secure  a  specimen  in  the  grips  and  set  the  crosshead 
speed  to  .050  inch/minute. 

3)  Attach  the  extensometer  to  the  specimen  and  set  the 
tensile  test  machine  to  continuously  record  load, 
axial  strain,  and  transverse  strain. 

4)  Apply  the  load  and  record  the  information  on  data 
sheet  9. 

5)  Calculate  the  tensile  strength  and  record  it  on  the 
data  sheet. 

6)  Repeat  steps  2  thru  5  for  the  remaining  specimens. 

7)  Calculate  and  record  to  three  significant  figures: 

1.  Average  tensile  strength  of  weld  joint 

2.  Standard  deviation  of  weld  joint  strength 

3.  Coefficient  of  variation  of  weld  joint  strength 

2. 1.2. 5  TEST  PROCEDURES,  MACROSCOPIC  INSPECTION. 

1)  Cut  the  specimen  perpendicular  to  and  .500"  each  side 
of  the  weld  and  grind  the  cut  surface  smooth. 

2)  Etch  the  specimen  with  etchant  composition  2  from 
ASM  E  407. 

3)  Examine  the  weld  grain  structure  microscopically 

4)  Repeat  steps  1  thru  3  for  five  total  specimens. 

2. 1.2. 6  TEST  PROCEDURES,  RADIOGRAPHIC  INSPECTION. 

1)  Radiographic  inspection  shall  be  performed  in 
accordance  with  ASM  E  94  using  quality  level  2-2T. 

2)  Quality  shall  be  per  ASM  E  142. 

2. 1.1.7  ACCEPTANCE  CRITERIA. 

1)  Finished  welds  may  have  a  light  wheat  or  straw 
colored  heat  tint.  Darker  heat  tints  are  not 
acceptable. 

2)  No  crack  type  defects  shall  be  allowed. 

3)  Lack  of  penetration  and  lack  of  fusion  are  not 
acceptable. 

4)  Tungsten  inclusions  shall  be  counted  as  porosity. 

5)  Porosity  in  excess  of  that  listed  in  Table  XIII 
shall  not  be  allowed. 
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2. 1.1.9  CRITICAL  TEST  CSKDITIONS. 

1)  Direction  of  the  central  beam  of  radiation  shall  be 
perpendicular  to  the  surface  of  the  film. 

2)  Safety  measures  shall  be  followed  in  accordance  with 
the  National  Committee  on  Radiation  Protection  and 
Measurement. 


2. 1.2. 9  TEST  SCHEEUIE.  Results  from  these  tests  will  be 

provided  to  the  customer  no  later  than  30  days  after 
test  completion. 
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ALUMINUM  STLIOON  CARBIDE  WELD  JOINT  TEST 
DATA  SHEET  9 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


FRACTURE  LOCATION:  AT  WELD  JOINT 

WELD  DEFECTS  EVIDENT  _ 


NOT  AT  WELD  JOINT 


CROSSHEAD  SPEED: 
TEST  TEMPERATURE: 
TEST  HUMIDITY: 


.050  IN/MIN 

_  DEG  F 

% 


SPECIMEN  GAGE  DIMENSIONS  (MINIMUM  VALDES) 


SPECIMEN  NO 


w  mr 


T  fIN) 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION,  AND  COEFFICIENT  OF 
VARIATION  OF  THE  FOLLOWING  (SEE  ASM  D  3039  FOR  FORMULAS) : 


STD  DEV 


1)  TENSILE  STRENGTH 


.  V 

■i  | 
*4*.) 

i 

■4* 


2)  ELASTIC  MODULUS 

3)  POISSON'S  RATIO 

4)  EXT  §  RUPTURE 


I 
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AIDMINUM  SILIOON  CARBIDE  WELD  JOINT  TEST 
DATA.  SHEET  9 


IOAD  AND  STRAIN  DA2&: 


LONGITUDINAL  STRAIN 


SPECIMEN  NUMBER 


IOAD  (P) 
IBS 


(dr3 


STRAIN  (L)  INCHES/INCH 


FIGURE  1. 


FIGURE  2. 


MAXIMUM  IOAD  CARRIED  _  IB 

EXTENSION  AT  RUFIURE  _  IN 

TENSILE  STRENGTH  PSI 

SIOPE  OF  LINEAR  PORTION  OF  FIG.  1  _ 

MEASURING  INSTRUMENT  GAGE  LENGTH  _  IN 

SIOPE  OF  LINEAR  PORTION  OF  FIG.  2 

(POISSON'S  RATIO,  U)  _ 


ELASTIC  MODULUS  (E)  E=  (AP/Al)(L/A)  PSI 

E  = 

E  = 


COMMENTS: 


KIL-5TD-15S5A 


/ ...  s' 


TASLE  XIII.  Maximum  allowable  porosity. 


Porosity 


Any  pore 

Pares  of >  0.3  t 

Pares  of  >  0.2  t  or- 
>0.12  inch  V 

Total  parasity  area 

Cluster  porosity  area 
in  any  1/2  inch  of 
weld  length 

Aliened  porosity  area  5/ 


Porosity  size,  area,  or  amount 
Ease  metal  thickness  1/ 


‘  <  0.063  2 J 
0.6  t 
S  pores 


0-10  t-inch2 
0.04  t  inch2 


0.02  t  inch 


>  0.063  3/ 


0.4  t  or  0.18  inch  4/ 


12  pores 


0.10  inch2 


0.025  t  inch' 


0.015  t  inch 


1/  Where  the  members  of  the  test  weld  differ  in  thickness,  t  is  the 
thickness  of  the  thicker  member. 

2J  These  values  apply  to  a  4  inch  weld  length.  For  groove  welds 
in  tube,  the  values  shall  be  adjusted  in  proportion  to  the  tube 
circumference. 

3/  These  values  apply  to  a  6  inch'weld  length.  Far  aroeve  welds  in 
tube,  the  values  shall  be  adjusted  in  proportion  to  the  tube 
circumference.  . 

4/  The' appl icabl e  maximum  is  the  lesser  of  the  two  values. 

5/  Alianeo  porosity  is  defined  as  a  group  of  more  than  3  pores  within 
1/2  inch  or  weld  length,  and  which  may  be  intersected  by  a  straight 
" '  le . 
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COMPOSITE  TESTING 
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3.0  VENDOR  PROCESS  QUALIFICAnCN  TEST 

3.0.1  ROOM  TEMPERATURE  TENSHE  TEST 

3. 0.1.1  PURPOSE.  This  test  is  to  verify  the  vendor's 
processing  of  W3X282-42-F593  ccoposite  material. 

3. 0.1. 2  TEST  SPECIMENS.  Ten  specimens  will  be  tested.  Each 
specimen  will  consist  of  8  plies  of  prepreg  with  a 
[0]  layup.  Total  specimen  thickness  will  be  .072 
inches.  Specimens  will  measure  1.000  Z  .010  inch 
wide  by  a  minimum  of  10.0  inches  total  length  with 
endtabs  bonded  on  each  side  of  each  end.  Additional 
specimen  details  will  conform  to  section  7  and  figure 
1  of  ASTM  D  3039. 

3. 0.1. 3  TEST  EQUIPMENT.  Hie  equipment  required  to  perform 
this  test  consists  of: 

1)  A  tensile  test  machine  with  grips  capable  of 
securing  the  test  specimens  described  in 
section  3. 0.1. 2  above.  It  shall  also  be  capable 
of  applying  a  constant  crosshead  movement  of 
.050  inches  per  minute.  A  load  indicator, 
accurate  to  within  1 1%  of  the  maximum  indicated 
test  load,  must  be  included  as  part  of  the  test 
machine  and  the  machine  must  be  capable  of 
continuously  recording  the  load,  longitudinal 
strain,  and  transverse  strain. 

2)  An  extenscraeter  that  is  compatible  with  the 
test  machine  described  in  #1  above. 

3. 0.1. 4  TEST  PROCEDURE. 

1)  Measure  the  width  and  thickness  of  the  ten 
specimens  in  several  places  and  record  the 
minimum  value  of  each  on  the  data  sheet.  (See 
included  sample  data  sheet) 

2)  Set  the  tensile  test  machine  to  provide  a 
constant  cross  head  speed  of  .050  inch/min 

3)  Install  a  specimen  in  the  grips  and  attach  the 
extenscmeter  on  the  specimen. 

4)  Apply  the  load  and  plot  the  load  vs 
longitudinal  strain  on  figure  1  of  the  data 
sheet.  Plot  the  longitudinal  and  transverse 
strains  on  figure  2  of  the  data  sheet. 

5)  Record  the  maximum  load  carried  by  the  specimen 
on  the  data  sheet. 

6)  Record  the  extension  at  or  as  near  as  possible 
to  the  moment  of  rupture. 

7)  Calculate  and  record  to  three  significant 
figures: 


/*-.  r/ 
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1.  Tensile  strength 

2.  Elastic  modulus 

3.  Poisson's  ratio 

8)  Repeat  steps  3  thru  7  for  the  remaining  specimens 

9)  calculate  and  record  to  three  significant 
figures  for  each  property  listed  in  step  7: 

1.  Average  value 

2.  Standard  deviation 

3.  Coefficient  of  variation 

3. 0.1. 5  ACCEPTANCE  CRITERIA.  A  statistical  analysis  will  be 
performed  on  the  test  results  to  establish  a  standard 
deviation  and  mean.  The  results  will  be  acceptable  if 
there  is  a  99%  probability  of  falling  within  one  standard 
deviation  of  the  mean.  In  the  event  that  one  data  point 
lies  outside  of  this  range,  that  point  will  be  deleted 
from  the  data  set  and  another  specimen  will  be  tested 
and  inserted  into  the  data  set.  If  any  specimen  fails 
due  to  non-test  related  conditions  or  obvious 
manufacturing  problems,  that  specimen  shall  be  discarded 
and  another  will  be  tested  and  inserted  into  the  data 
set. 

3. 0.1.6  CRITICAL  TEST  CONDITIONS. 

1)  The  test  specimen  geometry  shall  be  consistent 
with  that  described  in  section  3. 0.1. 2. 

3. 0.1. 7  TEST  SCHEDULE.  Results  from  these  tests  will  be 
provided  to  the  customer  no  later  than  30  days  after 
test  completion. 
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ROOM  TEMPERATURE  TENSILE  TEST 
DATA  SHEET  10 


DATE: 

TEST  PERSONNEL: 
MATERIAL  DESCRIPTION: 


VOID  CONTENT  OF  MATERIAL: 
VOLUME  %  REINFORCEMENT 
CROSSHEAD  SPEED: 

TEST  TEMPERATURE: 

TEST  HUMIDITY: 


_ % 

.050  IN/MIN 

_  DEG  F 

_ % 


SPECIMEN  GAGE  DIMENSIONS  (MINIMUM  VALUES) 


SPECIMEN  NO. 


W  flNl  X  T  (Hit) 


A  (SO  IN) 


1 


2 

3 


4 


5 


CALCULATE  THE  AVERAGE  ,  STANDARD  DEVIATION,  AND  COEFFICIENT  OF 
VARIATION  OF  THE  FOLLOWING  (SEE  ASIM  D  3039  FOR  FORMULAS) : 

AVE  STD  DEV  COV 

1)  TENSILE  STRENGTH  _  PSI  _  PSI  _ 

2)  ELASTIC  MODULUS  _  PSI  _  PSI  _ 

3)  POISSON'S  RATIO  _  _  _ 

4)  EXT  @  RUPTURE  _  IN  _  IN  _ 


8 

I 

K 


/?■ 


rc 
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COMPOSITE  TESTING 
TEST  1160 


ROOM  TEMPERATURE  TENSILE  TEST 
DATA  SHEET  10 


fi 
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I 
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LOAD  AND  STRAIN  DATA: 


LONGITUDINAL  STRAIN  (£L) 


LOAD  (P) 
IBS 


SPECIMEN  NUMBER 


OLt) 


STRAIN  (L)  INCHES 
FIGURE  1. 


FIGURE  2. 


MAXIMUM  LOAD  CARRIED 

LB 

H  EXTENSION  AT  RUPTURE 

IN 

M  TENSILE  STRENGTH 

PSI 

®  SLOPE  OF  LINEAR  PORTION  OF  FIG.  1 

i 

8 

8 


MEASURING  INSTRUMENT  GAGE  LENGTH 

SLOPE  OF  LINEAR  PORTION  OF  FIG.  2 
(POISSON'S  RATIO,  u) 


IN 


ELASTIC  MODULUS  (E)  E  =  ( AP/A  L)  (I/A) 

E  * 

E  - 

COMMENTS: 


PSI 


8 

8 

fc 
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4.0  CRADLE  TRUNNION  STRUCTURAL  JOINT  TEST 

4.0.1  FURPOSE.  The  purpose  of  the  trunnion  joint  structural  load 
test  is  to  verify  the  integrity  of  the  cradle  trunnion  joint 
under  simulated  firing  loads. 

4.0.2  OBJECTIVE.  Using  a  composite  mockup  of  the  cradle  trunnion 
joint  section,  impart  simulated  firing  loads  of  up  to  one  and 
one-half  the  expected  calculated  maximum  impulse  load.  This 
shall  be  accomplished  through  the  use  of  a  hydraulic  ram 
actuated  for  a  duration  of  up  to  300  ms. 

4.0.3  EQUIEMENT/FIXIURES .  The  following  test  equipment  and/or 
fixturing  shall  be  utilized  during  this  test: 

1.  Simulated  Cradle  Trunnion  Joint  Mockup 

2.  5000  PSI  Hydraulic  Power  Supply 

3.  Hydraulic  Pam  Cylinder  (6”) 

4.  Mockup  Interface  Fixture  (Plate) 

5.  Mockup  Interface  Fixture  (Trunnion  Device) 

6.  Pressure  Transducers 

7.  Digital  Chart  Recorder 

8.  36"  Drill  Base 

9.  Electronic  Solenoid  Valve  Assembly 

10.  Various  Hydraulic  Hoses  and  Gages 

4.0.4  TEST  CONDITIONS.  The  testing  will  be  performed  in  an 
environment  at  IMC/NOD  of  68F-75F  ambient  temperature  and 
relative  humidity  of  50%  t  20%. 

4.0.5  TEST  PROCEDURES. 

1.  Secure  the  36"  drill  base  to  the  test  platform. 

2.  Mount  the  cradle  trunnion  joint  mockup,  utilizing  the 

mockup  interface  fixture  plate,  to  the  drill  base  as 

shewn  in  Fig.  4.1. 

3.  Install  the  mockup  interface  fixture  (trunnion  device) 

into  the  cradle  trunnion  joint  mockup,  per  Fig.  4.1. 


iaHD 
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TEST  1201 


4-  Install  and  adjust  the  alignment  of  the  hydraulic  ram 
cylinder  and  connect  system  hoses,  per  Fig.  4.1. 

5.  Connect  and  calibrate  pressure  transducers  and  associated 
instrumentation. 

6.  Verify  all  hydraulic  and  electrical  instrumentation 
setups,  per  Fig.  4.1. 

7.  Apply  reduced  hydraulic  pressure  to  the  hydraulic  ram 
cylinder  and  bleed  hydraulic  system  of  air. 

8.  Adjust  system  pressure  for  600  PSI  applied  to  the 
hydraulic  ram  cylinder. 

9.  Actuate  the  hydraulic  ram  and  record  instrumentation 
data. 

10.  Inspect  cradle  trunnion  joint  mockup.  Inspect  for  signs 
of  deformation,  laminate  separation,  cracking  or  laminate 
ccnpression. 

11.  If  inspection  results  are  satisfactory,  increase  hydraulic 
system  pressure  to  1500  PSI. 

12.  Repeat  steps  9  and  10  for  two  cycles. 

13.  Increase  system  pressure  to  2500  PSI.  Note:  Tiis  will 
impart  a  simulated  load  of  70,600  PSI. 

14.  Repeat  step  9  for  50  cycles,  and  inspect  I.A.W.  step  10 
every  5  cycles. 

15.  Increase  system  pressure  to  3600  PSI.  Note:  This  will 
impart  a  simulated  load  of  101,800  PSI. 

16.  Perform  steps  9  and  10  for  10  cycles. 

17.  At  completion  of  this  test,  thoroughly  inspect  the  cradle 
trunnion  joint  for  signs  of  deformation. 

18.  Remove  the  mockup  interface  fixture  (trunnion  device)  and 
perform  inspection  of  the  trunnion  bore.  Record  all 
dimensions. 

19.  Disconnect  and  disassemble  test  setup. 

4.0.6  ACCEPTANCE  CRITERIA.  At  the  completion  of  this  test,  the 

cradle  trunnion  joint  mockup  shall  shew  no  signs  of  stress, 

deformation,  cracking,  laminate  separation,  or  ccnpression. 
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TEST  1201 

4.0.7  CRITICAL  TEST  OCNDITIONS. 

1)  Hie  test  setup  of  the  cradle  trunnion  joint  mockup  will  be 
per  Fig.  4.1. 

4.0.8  TEST  SCHEDULE.  Results  from  these  tests  will  be  provided  to 
the  oust  rarer  no  later  than  30  days  after  the  test 
completion 


TEST  flMfOW 


5.0  QUALITY  OONIROL 
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This  plan  covers  the  quality  control  of  prepreg,  adhesive,  and  core 
materials  and  their  processing  into  test  panels. 

5.0.1  QUALITY  CONTROL  INSPECTION  OF  EREEREG  MATERIALS 

5. 0.1.1  PURPOSE.  Quality  control  inspection  and  testing  of 
incoming  prepreg  will  be  performed  to  verify  the  quality 
of  these  materials  and  provide  complete  documentation  for 
future  traceability.  Acceptance  critera  will  be  based  on 
manufacturer's  material  specifications.  If  the  prepreg  is 
certified  by  the  supplier,  passes  all  IMC  inspection  tests 
based  an  the  manufacturer's  material  specification,  and  is 
stored  properly,  it  will  be  considered  acceptable  for  use 
in  fabricating  test  panels.  (Gel  Time  and  Differential 
Scanning  Calorimetry  will  be  used  to  screen  out  any 
prepreg  that  may  not  be  processable  per  process 
specification. ) 
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QUALITY  CONTROL  INSPECTION  OF  EREEREG  MATERIALS 


DATA  SHEET  1 


FMC  INSEECITON 


I 

I 

1 


VISUAL  CHECKS:  _ 

EACKAGING:  _ 

FKEPREG  QUALITY:  _ 

NOTE  ANY  DEFECTS: 


NOTE  TRACK  AND  DRAEE  CHARACTERISTICS: 


MEASURE  WIDTH  OF  EREEREG: 


AVE. 


GEL  TIME  AT  350F  EER  ASTM  D  3532 


SPECIMEN  NO. 
1 
2 
3 

AVERAGE 


SSI 


DIFFERENTIAL  SCANNING  CALORIMETRY  (DSC)  TEST  METHOD: 
RUN  TWO  SAMPLES 
SAMPLE:  10-15  mg. 

ATMOSPHERE:  NITROGEN,  20  cc/min  FLCW  RATE 
SCAN:  40-300C 
HEAT-UP  RATE:  5C/min 


ATTACH  DSC  THERMOGRAM 


</ 
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QUALITY  CONTROL 

5.0.2  QUALITY  CONTROL  INSPECTION  OF  AEHESIVES 

5. 0.2.1  PURPOSE.  Quality  control  inspection  and  testing  of 
incoming  adhesives  will  be  performed  to  verify  the  quality 
of  these  materials  and  provide  complete  documentation  for 
future  traceability.  Acceptance  critera  will  be  based  on 
manufacturer's  material  specifications.  If  the  adhesive 
is  certified  by  the  supplier,  passes  all  FMC  inspection 
tests  based  on  the  manufacturer's  material  specification, 
and  is  stored  properly,  it  will  be  considered  acceptable 
for  use  in  fabricating  test  panels. 
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QUALITY  CONTROL  INSPECTION  OF  ADHESIVES 


DATA  SHEET  2 


QC  PERSONNEL: 


MATERIAL  DESCRIPTION: 


PRODUCT  NAME:  _ 

PRODUCT  FORM:  _ 

BATOyiOT  NUMBER:  _ 

LOT  NUMBER:  _ 

QUANTITY:  _ 

DATE  OF  MANUFACTURE:  _ 

EXPIRATION  DATE:  _ 

SHIP  DATE: 

RECEIVING  DATE:  _ 

STORAGE  REQUIREMENTS:  _ 

ACTUAL  STORAGE  RECORD:  _ 

ACTUAL  CUT-TIME:  _ 

MSDS  RECEIVED?  _ 

SPECIAL  PRECAUTIONS:  _ 

VENDOR  CERTS:  _ 

CERTIFICATION  OF  ADHESIVE:  _ 
ADHESIVE  PROPERTIES  REPORTED: 
PREPREG  PROPERTIES:  _ 


EMC  INSPECTION 


VISUAL  CHECKS:  _ 

PACKAGING:  _ 

ADHESIVE  QUALITY:  _ 
NOTE  ANY  DEFECTS: 


'  ’mm*. « 
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5.0.3  ©JALITY  OQNTROL  INSPECTION  OF  CORE  MATERIALS 

5. 0.3.1  PURPOSE.  Quality  control  inspection  and  testing  of 
incoming  core  materials  will  be  performed  to  verify  the 
quality  of  these  materials  and  provide  complete 
documentation  for  future  traceability.  Acceptance  critera 
will  be  based  on  manufacturer's  material  specifications. 

If  the  core  material  is  certified  by  the  supplier,  passes 
all  PMC  inspection  tests  based  on  the  manufacturer's 
material  specification,  and  is  stored  properly,  it  will  be 
considered  acceptable  for  use  in  fabricating  test  panels. 


.  *1 
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QUALITY  CONTROL  INSPECTION  OF  CORE  MATERIALS 


DATA  SHEET  3 


DATE: 


QC  PERSONNEL: 


MATERIAL  DESCRIPTION: 


PRODUCT  NAME:  _ 

PRODUCT  FORM:  _ 

BATOyLOT  NUMBER:  _ 

LOT  NUMBER:  _ 

QUANTITY:  _ 

DATE  OF  MANUFACTURE:  _ 

EXPIRATION  DATE:  _ 

SHIP  DATE:  _ 

RECEIVING  DATE:  _ 

STORAGE  REQUIREMENTS:  _ 

ACTUAL  STORAGE  RECORD: 

ACTUAL  CUT-TIME:  _ 

MSDS  RECEIVED?  _ 

SPECIAL  PRECAUTIONS: 


VENDOR  CERTS:  _ 

CERTIFICATION  OF  MATERIALS: 

REPAIR  RECORD:  _ 

PRODUCT  PROPERTIES  REPORTED: 


FMC  INSPECTION 


VISUAL  CHECKS:  _ 

PACKAGING:  _ 

OORE  MATERIALS  QUALITY: 
NOTE  ANY  DEFECTS:  _ 


MEASURE  DIMENSIONS:  LENGTH 


WIDTH 


THICKNESS 


■  r*  vm*'  t :*v 
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5.0.4  QUALITY  CONTROL  OF  TEST  PANEL  LAY-UP 

5. 0.4.1  PURPOSE.  Quality  control's  objective  is  to  insure 
that  all  manufacturer's  process  specifications  are 
followed.  In-process  monitoring  and  complete 
documentation  of  the  actual  lay-up  performed  will  be 
required  to  insure  part  quality  and  provide  a  record  for 
future  reference.  The  lay-up  will  be  acceptable  if  all 
raw  materials  used  passed  quality  control  inspection,  have 
been  properly  stored,  and  have  been  laid-up  according  to 
the  manufacturer's  process  specification. 
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QUALITY  CONTROL  INSPECTION  OF  TEST  PANEL  LAY-UP 


DATA  SHEET  4 


DATE: 

QC  PERSONNEL: 

DESCRIFTICN  OF  TEST  PANEL  TO  BE  FABRICATED: 


RAW  MATERIALS  USED  IN 
FABRICATING  TEST  PANELS: 


IS  RAW  MATERIAL 
QUALITY  ACCEPTABLE? 


TOOLING  AND  BAGGING  MATERIALS: 


DO  ALL  MATERIALS 
MEET  PROCESS 
SPECIFICATIONS? 


RECORD  OUT-TIME  OF  RAW  MATERIALS  (IF  APPLICABLE) 

OUT  OF  STORAGE  AT  _ 

USABLE  AT  _ 

R7T  BACK  IN  STORAGE  AT  _ 


^T,V) 
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QUALITY  OCNTROL  INSPECTION  OF  TEST  PANEL  LAY-UP 
EMA  SHEET  4 

RECORD  DATE  AND  TIME:  LAY-UP  STARTS  _ 


RECORD  HISTORY  OF  LAY-UP  (IF  LONGER  THAN  1  DAY) 


I 


RECORD  TEMPERATURE  AND  HUMIDITY  OF  LAY-UP  AREA: 
TEMPERATURE  _  HUMIDITY _ 


LAY-UP  PROCEDURE 


IS  PROCESS 
SPECIFICATION  BEING 
FOLLOWED? 
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QUALITY  OONIROL  INSPECTION  OF  TEST  PANEL  LAY-UP 


DATA  SHEET  4 


FINAL  CHECK 

HAS  PROCESS  SPECIFICATION  BEEN  MET? 

LAY-UP  ACCEPTABLE?  _ 

THEFMOCOUPLERS  IN  PLACE?  _ _ 

BAGGING  ACCEPTABLE?  _ 

VACUUM  PRESSURE,  IF  APPLICABLE?  _ 

COMMENTS: 


& 

m 


i 

i 

i 

i 

R 

S 
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5.0.5  QUALITY  OCNIROL  OF  TEST  PANEL  CURING 

5.0.5. 1  PURPOSE.  Quality  control's  objective  is  to  insure 
that  all  manufacturer's  process  specifications  are 
followed.  Constant  in-process  monitoring  and  carpi ete 
documentation  of  the  actual  cure  cycle  performed  will  be 
required  to  insure  part  quality  and  provide  a  record  for 
future  reference.  Inspection  of  cured  test  panels  will  be 
performed  to  check  for  defects.  If  there  is  any  reason  to 
suspect  that  the  ccrposite  has  not  been  completely  cured, 
Differential  Scanning  Calorimetry  will  be  performed.  The 
cured  test  panels  will  be  acceptable  if  all  manufacturer's 
cure  process  specifications  were  followed  and  test  panels 
pass  all  EMC  QC  inspection  tests,  based  on  manufacturer's 
cured  material  specifications. 


;i»1 


RECORD  ANY  DEVIATIONS  FROM  PROCESS  SPECIFICATION: 


RECORD  ANY  CORRECTIVE  ACTIONS: 


SAVE  ALL  PRESSURE  AND  THERMOCOUPLE  RECORDINGS 


■ 
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QUALITY  CONTROL  INSPECTION  OF  TEST  PANEL  CURING 
DATA  SHEET  5 

FMC  INSPECTION  OF  CURED  TEST  PANEL 
WAS  PROCESS  SPECIFICATION  MET?  _ 


VISUAL  CHECK 

NOTE  ANY  DEFECTS? 


MEASURE  FINAL  DIMENSIONS: 


ADDITIONAL  NDE  TESTING:  LOW-ENERGY  RADIOGRAPHY  OF  TEST  PANELS  WILL  BE 
PERFORMED  TO  CHECK  FOR  LARGE  VOIDS,  DELAMINATION,  DENSITY  VARIATIONS,  AND 
INCLUSIONS.  ULTRASONIC  C-SCAN  MAY  BE  PERFORMED  ON  SELECTED  PANELS. 


DESTRUCTIVE  TESTING: 


FIBER  VOLUME 
RESIN  SOLIDS 


SPECIFIC  GRAVITY 
VOID  CONTENT  _ 


.(PER  ASTM  D  3171) 
(PER  ASTM  D  2584) 
.(PER  ASTM  D  792) 
.(PER  ASTM  D  2734) 


DSC  MAY  BE  RUN  ON  SELECTED  PANELS 
DSC  TEST  METHOD: 

RUN  TWO  SAMPLES 
SAMPLE:  10-15  mg. 

ATMOSPHERE:  NITROGEN,  20  CC/min  FICW  RATE 
SCAN:  40-300C 
HEAT-UP  PATE:  5C/min 
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APPENDIX  A. 

"Boeing  Material  Specification  8-256F" 


Hie  following  specification  will  be  used  to  establish 
acceptance  criteria  for  test  materials  and  to  outline 
procedures  for  test  panel  processing. 


1. 


score 


a.  This  specification  establishes  cequireaents  Cot  non  self-adhes iv«.  controlled 
Clow,  ISOr  (1770  card,  epoxy  resin- impregnated  »«S  9-4  Type  1  grepmte  fiber 
unidirectional  tapes  and  wqvcn  taorica. 

b.  This  apeci flcation  requires  qualified  products. 

CLASSIFICATION 

Freiapreqnated  asesrisls  shall  b«  oC  the  following  Typaa,  Classes  and  Ctsdas  or 
Stylas . 

TYPES 

Type  shall  spaclCy  prepceq  noainal  rtsin  content. 

Type  I  -  noainal  tesin  concent,  44  percent  by  weight  ^ 

Type  II  -  noainal  resin  content.  It  percent  by  weight  ^ CN>  * 

Type  III  -  obsolete  ^  'O 

Type  IV  -  noainal  resin  content,  40  percent  by  weight 

SiilM  ■0^1^' 

Class  shall  specily  graphite  prepreg  Cora. 

Class  1  -  Unidirectional  prepreg  tape  * 

Class  2  -  Woven  Caor ic  prepreg 

class  l  -  canoes 

Grade  snail  specify  noainal  areal  weight  of  unidirectional  graphite  tape  in  ga/a>. 


-OS' 

CS^’ 


Grade  95 
Grade  14S 
Grade  ISO 

CLASS  1  -  STYLES 

Style  shall  specify  weave  style  of  IKS  5-1  graphics  fabric 
Sf/'.a 

lK-70-pw  plain  weave,  nonporoua 

unuscis 

Except  where  a  specific  issue  is  indicated,  the  Issue  of  she  following  references  in 
utfect  on  the  date  of  invitation  Cor  bid  snail  Coca  a  part  of  tnu  tpee:  ficaclon  to 
the  extent  indicated  netcin. 

a.  ANSI  S44.1  Surface  Texture,  Surface  Soughneea.  wavincss  and  Lay 

b.  A5TM  0495  Coapreasivs  Properties  of  Rigid  Plastics 

c.  ASTTl  14  Load  Verification  of  Testing  Necaints 


cnciMAi  issue  .  *-'.1-50 _ 

Ills 

DUBLIN  QA  DEPT 
FSB  13  IS  86 


M'i-'C 


.  / 


CONTROLLED  FLOW  EPOXY  F RE  IMPREGNATE 
GRAPHITE  TAPES  AND  WOVEN  FABRICS  *  }*9T 

BMS 

(177C  CURE1 

BOEING  MATERIAL  SPECIFICATION \ 

•- 2S»F 

*  CF  30 

CCOC  lOCNf.  NO.  11205 


'mwmmm 


(Continued) 

d.  IMS  )-!  Crapnitt  Reinforesaents,  Yarn  and  Faerie 

a.  IMS  15-1  Raima*  Shane  Materials  -  Mon-Con  tanma  cion 

t.  ISS  7273  Ctc  Interlsninac  Touqhness,  rihar-Re inforcad  Caapositss 

q.  ass  7105  dish  Parfocnanee  Liquid  Chroaatoqraphy  Ravaraa  Phaaa  Mathod 

h.  Of-51B4f  Advanced  Coapoait*  Prt ispreqnated  Material  Suppliata  Process 

Control'  Boeuaant  Raqulraaanta  and  a  Chacaliat  tor  T*  mnoloqy 
Audits 

i.  mil- HOBS- 5 3- 1  Guide  Cor  Attributa  Lot  Saoplinq  Inapaction 

j.  MIL-STD-401  Sandwich  Conatructiona  and  Cara  Materials;  General  Teat  Methods 

oeriaiTxou 

a.  Blander  -  porous  notorial  uaad  to  absorb  axeaaa  rasin  Iron  prepreq  durinq  cure. 

b.  Breather  -  A  loosely  woven  or  netted  notarial  that  serves  as  a  continuous 
vacuus  path  over  a  part  but  is  not  in  contact  with  the  rasin. 

c.  Controlled  rlow  -  A  characteristic  o t  a  resin  aysten  with  elevated  viscosity 
durinq  cure. 

d.  faerie  Prapraq  Batch  -  Prapraq  containinq  taoric  neetinq  the  requiranants  of 
BrtS  5-1  with  traceaoiliey  to  the  individual  fabric  batches  and  iapceqnattd  with 
one  Batch  of  team  in  one  continuous  operation. 

a.  Fun  Balls  -  These  occur  when  individual  fllasants  are  abraded  or  broken  durinq 
the  nanufacture  of  th*  ispreqnated  notarial.  These  brosen  filanents  and/or 
aoraded  particles  collect  as  loose  filannnt  bundles  or  balls  which  are 
occasionally  incorporated  into  the  ispreqnated  notarial. 

f.  Handlinq  Li  fa  -  The  ou t-of-ca f r lqeration  time  over  which  th*  notarial  maintains 
its  nandleaoility.  i.*..  capaol*  of  denonstratmq  properties  m  Sections  5.2.1 
and  5.2.2 

q.  Preprsq  Lot  -  Prepreq  fron  one  hatch  subsieted  tor  accepcance  at  an*  tine. 

h.  Pucsars  -  Areas  on  prepreq  notarial  wnare  the  material  has- locally  Olisrered 

troa  the  separator  flla  or  release  paper. 

I.  Resin  Saeeh  •  Rasin  sired  in  one  aiser  in  one  operation  or  blended  toqetaer  in 
on*  hoaoqeneous  sis  with  tracmoility  to  Lndividunl  conponent  Iocs. 

J.  Storaq*  Life  -  Th*  tin*  in  storaq*  at  lor  or  below,  while  contained  in  a 
moisture  barrier  of  continuoua  polyethylene  (  ail  or  thicket,  over  wnicn  the 
eatecial  tamtams  its  handlinq  lit*  as  well  at  all  other  requireacncs  of  this 
specification. 

k.  Surface  Resin  Starvation  -  Incoaplete  resin  tillinq  of  the  tout  side  part 
Sur  face. 

n.  Tap*  Prepreq  Batch  -  Prepreq  containinq  unidirectional  re inforcenent  neetinq 
th*  requiranants  of  BMS  »-j  wicn  traceaoility  to  individual  yarn  lots  and 
ispreqnattd  with  one  batch  of  resin  in  one  continuous  operation. 

n.  Worked  -  Procetsinq  operation  vhien  closes  interstices  in  faerie. 


5. 


MATERIAL  REQUIREMENTS 


COMPOS  IT  !CN 

The  graphic*  fiber  unidl recr :on*l  tape  or  woven  fabric  shall  be  impregnated  with  a 
theraose tting  epoxy  resin  formulated,  catalysed,  and  *Ba  staged  in  such  a  manner  as 
to  yield  preiapregnated  reinforcement  exhibiting  controlled- flow  character  1 st ics 
that  aeet  the  requirements  of  this  specification. 

PREPRES  PROPERTIES 

PHYSICAL  PROPERTIES 

The  prepreg  shall  conform  to  the  requirements  of  Table  I  when  tested  in  accordance 
with  the  designated  method. 

CHEMICAL  PROPERTIES 

The  prepreg  resin  shall  conform  to  the  requirements  of  Table  M  when  tested  in 
accordance  with  the  designated  methods. 

INTERLAMINAR  POROSITY 

The  prepreg,  when  fabricated  into  panels  and  esamined  as  specified  in  Section  8.1.5, 
snail  not  esnibit  any  internal  porosity  in  escesa  of  standards  specified  Tft  Table 
IV. 

OEFECT  LIMITATIONS  AND  ANO  DIMENSIONAL  REQUIREMENTS  -  CASS  L  (TAPES) 

a.  The  preiapregnated  material  shall  be  uniform  in  quality  and  condition,  and 
snail  hoc  exhibit  character istics  detrimental  to  handling,  layup,  or  structural 
properties. 

b.  The  material  shall  be  free  from  crimped  or  misaligned  fibers,  cured  resin 

particles,  foreign  material,  twists,  unwetted  fibers,  dry  or  boardy  areas,  and 
pucxers.  , 

c.  Location  of  yarn  splices  snail  be  clearly  indicated  on  the  prepreg  or  release 
t  i  lm. 

d.  All  grapnite  yarns  snail  be  collimated  and  parallel  to  the  centerline  of  the 
prepreg  . 

e.  The  length  of  open  spaces  between  fibers  shall  not  exceed  13  inches.  The  width 
of  open  spaces  between  fibers  shall  not  exceed  0.030  inches.  One  open  space 
0.0 10  to  0.030  inches  wide  and  not  exceeding  10  inches  long  is  acceptable  m 
each  10  sq.  ft.  of  prepreg.  Open  spaces  less  than  0.Q10  inches  wide  and  not 
exceeding  10  inches  long  are  acceptaolm. 

f.  Tolerance  on  the  width  of  the  material  is  ♦  0.050  inch. 

g.  Fibers  must  be  flush  with  the  edge  of  the  separator. 

h.  The  orientation  of  the  yarn  within  the  prepreg  shall  nor  devise*  from  a 
straignt  line  by  eort  than  0.032  inch  in  l  foot  of  length. 

i.  Fuss  balls  which  do  not  cause  a  sudden  discernable  enange  in  the  prepreg 
enicknesm  shall  be  acceptaole,  provided  the  overall  thicxness  change  is  no  more 
than  100  percent  of  the  nominal  thickness  for  grade  95  material,  and  no  sore 
than  50  percent  of  the  nominal  thickness  for  all  other  grades.  In  determining 
if  there  is  any  apparent  fiber  distortion  caused  by  a  fuss  ball,  it  snail  not 
be  necessary  to  remove  the  fuss  ball  from  the  prepreg. 

j.  The  edge  of  the  prepreg  tape  shall  not  deviate  from  a  straight  line  by  more 
than  0.025  inch  per  foot  of  length. 
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OEFECT  LIMITATION  AND  DIMENSIONAL  REQUIREMENTS  -  CLASS  2  (FABRICS) 

s.  The  preimpregn ated  material  shall  be  uniform  in  quality  and  condition  and  snail 

not  exnibit  character iatiea  detrimental  to  handling,  layup,  or  structural 

proper  ties. 

b.  ’  Vis  able  indications  of  impurities,  dry  areas,  areas  of  nonunifotaity, 

incomplete  imoregnation ,  cured  resin,  hard  spots,  or  localised  color 
differences  in  the  impregnated  fabric  supplied  snail  be  marred  by  tags  as 
nonconf ormmg  areas  (see  Section  5.2.4). 

c.  Impregnated  fabric  shall  be  free  from  curled  or  folded  salvages  that  ovotlap 
nonselvage  areas,  urinslas,  or  resin-tlch  areas. 

d.  Salvage  width  on  each  side  of  the  fabric  shall  not  exceed  1.5  inches. 

e.  The  warp  and  fill  yarns  shall  be  perpendicular  to  each  other  and  shall  be 

parallel  to  the  warp  and  fill  direction  of  the  impregnated  cloth  within  2 
inches  over  the  full  cloth  width  exclusive  of  selvage  and  within  1  inch  in  any 
21  inches  of  cloth  width  or  length. 

t.  Width  of  the  material  shall  be  witbin  ♦  1  inch,  width  shall  not  include  selvages. 

NONCONFORMING  MATERIAL  (TAPES  AND  FABRICS)  ~ 

a.  Areas  of  unacceptable  material  (not  eonfotaingl  to  Sections  5.2.4  or  5.2.5 
snail  be  identified  on  the  prepreg  roll  edge  by  markets  at  both  the  beginning 
and  the  end  of  the  defective  area,  rot  areas  of  non-weaving  defects 
encompassing  more  than  3  ft.  along  the  material's  length,  additional  matters 
snail  be  placed  at  intervals  of  2  ft.  (maximum)  between  the  beginning  and 
ending  markers.  Use  a  single  marker  for  single  point  defects.  For  weaving 
defects,  only  those  defects  esceediag  the  fabric  quality  requirements  of  SMS 
5-3  shall  be  marked  except  each  crease ,  cut.  tear,  smash,  fabric  splice  and 
weave  separation.  Markers  nay  be  any  color  distinguishable  from  the 
impregnated  material.  Material  containing  uneccaptaole  areas  (not  conforming 
in  accordance  with  5.2.4)  snail  not  be  counted  toward  tha  amount  purchased. 

b.  Prepreg  material  may  be  cut  to  remove  defects,  but  50  percent  of  supplied 
prepreq  snail  ba  in  langtns  of  not  less  than  50  feet  and  the  remaining  10 
patcent  shall  be  in  lengths  not  less  than  15  faet. 

c.  Tha  type,  location,  and  lengch  of  aach  defect  (marked  to  show  the  outside  toll 
end)  or  cut  shall  be  itemised  on  a  detect  log  toe  each  toll. 

d.  Material  shall  have  a  toll  maximum  defect  weight  limit  of  15  percent. 

STORAGE  STABILITY  AND  OUT  OF  REFRIGERATION  TIME  REQUIREMENTS 

All  material!  snail  be  capable  of  meeting  the  qualification  requirements  of  this 

specification  after  the  following  esposucem: 

a.  Storage  Life:  ISO  days  from  dace  of  shipment,  noted  at  10F  or  nwlov  in  a 
sealed  moisture  proof  container. 

b.  Handling  Life:  240  hours  at  room  temperature  (SOP  max i mum  I . 

LAMINATS/SANDWICT  PROPERTIES 

IMPACT  PROPERTIES  ANO  CRACK  CROWT.I  RESISTANCE 

a.  Cured  laminate  seetionx  shall  have  the  minimum  mechanical  properties  shown  in 
Taole  III  when  tested  in  accordance  with  Section  S.2.3. 

S.  Cured  lamineces  snail  have  minimum  G[c  values  as  shown  in  Taole  III  when  tested 
in  accordance  with  OSS  7273. 

PHYSICAL  PROPERTIES 

Laminates,  when  fabricated  from  pceioptegnited  materials  as  described  in  Section 

>.3,  snail  meet  the  requ  i  r  eisen  ts  of  Taole  IV,  Laninate/Sartdwicn  Physical  Properties. 
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MECHANICAL  PROPERTIES 


*•  Luiiuti  And  sandwich  panda,  wh.«n  fabricated  from  preiapreqnated  materials  a* 
described  In  Section  1.3,  snail  seat  requirements .of  Tanias  ",  VI,  VIII,  and  tx 
wnen  tested  dry. 

b.  In  addition  eo  tfte  above,  laminate  specimens  iaaarsad  In  1<0F  watte  for  14  days 
prior  to  tast  snail  aaat  tba  requirements  spacifiad  in  Tabla  VII. 

e.  In  addition  to  tba  abova,  sandwich  spaciaans  axposad  It  hours  at  HOF  and  4 S- 

100  parcanc  RH  prior  to  tast  shall  aaat  tha  raquiraaants  of  Taolas  VIII  and  IX. 

i.  OCALIPICATIOa 

a.  Oiract  all  raquasta  for  qualif ication  to  a  Matarlal  Dcyartamnt  of  Tha  Roaing 
Coapany. 

b.  Qualification  shall  ba  basad  upon  tba  aanufactura  and  successful  tast  of  thraa 
batcnaa  of  tha  aatarial.  Tha  thraa  batchaa  shall  contain  at  laaat  two 
diffacant  rasin  batchaa  and  at  laaat  two  dlffarant  lots  of  tha  rainforcaaant. 

For  Class  2,  tha  two  dlffarant  lots  of  rainforeaoant  apply  to  tha  fill 
dlcaction  only. 

c.  Suppllars  saakinq  qualification  to  this  spaclf Ication  shall  submit  to  an  audit 
of  their  product  aanuf actur inq  operations,  caw  aatarial  tracaaoi liry',  process 
records,  tast  procedures,  and  quality  assuranca  records.  If  deeaed  necessary 
by  ehe  supplier ,  Tha  loainq  Coapany  will  ancac  Into  a  nondisclosure  agraaaant 
with  the  supplier,  to  protect  tha  proprietary  rlqhts  of  botn.  The  Boeing 
Coapany  reserves  tha  rignt  to  raaudit  any  or  all  follow-on  production  orders 
subsequent  to  qualif ication. 

d.  Whan  requested  by  Tha  toeing  Coapany,  Material  Departaent.  tha  supplier  shall 
provide  qualification  aatarial,  quantities  eo  be  detarainad  at  tha  tiaa  of 
qualification.  Addi eionally,  ehe  suppliar  shall  suhait  two  copies  of  test  data 
including  individual  specimen  values,  showing  that  tha  aatarial  aaata  all  the 
requirements  of  tha  speci f icat ion,  for  ehe  Type,  Class,  and  Srade/Style 
suoaitted.  The  east  facility  (supplier  or  test  laboratory)  mad  in 
deterainaeion  of  Che  date  snail  be  identified. 

e.  Materials  submitted  for  qualification  shall  be  tested  against  toe  requireaents 
of  this  specification  botn  *aa-ceceived*  and  after  exposure  to  the  maaiaua 
stsraqe/vock  life  periods  and  snail  also  oe  evaluated  for  aenuf securing 
suicsoilicy. 

f.  After  review  of  supplier  data  and  coapleeion  of  Boeing  tests,  Che  supplier  will 
be  advised  of  quali f ication  status.  Qualified  products  will  be  listed  in  the 
Boeing  Material  Qualified  Products  List,  showing  the  supplier's  product  desig¬ 
nation. 

g.  Qualification  of  additional  grades  or  styles  requires  one  batch  of  material  to 
he  submitted  Cor  test  to  The  Boeinq  Company. 

h.  The  supplier  snail  have  on  file  a  Boeinq-epproved  Process  Control  Document  j 

containing  baseline  chemical,  in-process  test  information,  and  sanufactuc mg 
procedures.  He  cnange  in  approved  product  foraulation,  critical  raw  materials  | 

or  suppllars.  basic  aethods  of  aanufactura,  testing,  or  geograpnic  location 

shall  be  made  without  notification  and  prior  approval  by  Boeing  in  writing.  i 

Requalification  and  a  revised  supplier  designation  aay  be  required. 

i.  Any  or  all  of  the  qualification  tests  aay  ba  repeated  at  any  time  by  the  pur¬ 
chaser  and  the  material  must  pass  the  qualification  requirements. 

j.  Process  Control  Documents  shall  be  In  accordance  with  OS-5U46.  ! 

7.  QUALITY  CONTROL  j 

7.  I  SUPPLIER  QUALITY  CONTROL  I 

a.  Test  every  toll  of  material  to  verify  compliance  with  the  designated  require-  I 

aents  of  Taole  l  Ptepreg  Physics!  Properties,  escape. test  only  the  first  and 
last  rolls  of  each  prepreg  batch  for  Volatile  Concent  and  Flow.  I 
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0. 


Test  each  prepreg  batch  to  the  requirements  of  Table  IX,  Chemical  Properties. 

It  the  supplier  cannot  perform  tha  taata  o t  Table  IX,  than  tha  taata  auat  ha 
conducted  By  a  Booing-approval.  Laboratory.  Tost  ona  roLL  ot  tha  prepreg  Batch 
tor  Infrared  analytic.  Tatt  tha  tint  and  Last  rolLa  ot  tha  prepreg  Batch  tor 
CC  anaLytia.  Chaaical  propartiat  data  ahaLL  ba  subaitcad  to  tha  purcnaaar  with 
aach  oatatial  shipaant. 


Tha  laminate  and  sandwich  physical  and  aachaoical  propartiat  required  By  Tables 
IV,  V,  VI,  VIZ,  VIII,  and  IX  tor  tapa  and  fabric  ptaprtq  shall  ba  tasted  as 
follows  tor  aach  prepreg  batch. 


P-ASS  l 

1  CLASS  2 

f  TEST  FREQUENCE  rOB  BATCHES  SIIIPPE3 

fr=iT3 

!  i.- ioo 

Test  l  roll 

1251-500 

!  301-750 

[Test  2  rolls 

1500* 

nrr^ 

iTcst  2  roLls  o i us  l  toil  tor  «scn 

1  1  uaUiCLonai  500  L£>«.  or  o*rz  tnercof 

d. 


Suppliers  shall  furnish  actual  test  data  comprised  ot  the  average  and 
individual  values  showing  conforaance  with  the  above  requirtaents  for  aach 
praprag  batch  and  shall  identity  such  data  with  the  speci f ieat ion  revision 
latest  in  atfset.  the  rolls  ot  eatsrlal  used  in  determining  the  data*  and  tha 
test  facility  that  generated  the  data.  Should  tha  aaearial  fail  to  eoaply  with 
the  above  tequi tenants,  ona  retest  ot  the  tailed  property  is  allowed.  Tha 
second  failure  to  eoaply  shall  ba  cause  tor  aaterial  rejection.  All  daca  shall 
accoapany  tha  aaearial  shipaant. 


The  supplier  shall  subait  the  toll  defect  loq(s)  in  accordance  with  Section 
S.2.S.C  with  each  shipaant  and  attach  a  copy  to  tha  roll  container. 


f . 


The  supplier  shall  maintain,  tor  a  period  of  S  years,  all  records  pertaining  to 
raw  aaterial  reeaiving  inspection  and  cart i tication ,  in-process  records,  and 
product  testinq  in  accordance  with  tha  approved  Hanuf acturing  and  Quality 
Assurance  Plan.  Such  records  snail  ba  available  for  inspection  by  author ited 
representatives  of  The  Boeing  Coapany. 
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PURCHASER  QUA!  ITT  COWThOI. 


Check  the  pactaging,  aarking,  and  supplier's  test  data  to  verity  conforaance  to 
the  appropriate  tectiona  of  taia  specif icacion. 


b. 


Test  esch  prepreg  lot  within  the  shipaenc  to  verify  conforaance  with  the 
designated  cequireaanta  ot  Taoia  I  and  Sections  5.1.2  and  5.2.1  [as  appropriate 
for  each  Crade/Sty le) .  The  einiaua  auaoer  of  rolls  to  be  rested  for  each 
prepreg  lot  shell  be  as  follows: 


ho.  of  Solis  in  Lot 


ho.  of  Bolls  to  Test 


1  -  10 


11 


10 


11  -  SO 


(1 


70 


70 


l  additional  roll  tor 
each  additional  to  rolls 


The  acceptance  tests  m  Sections  S.1.2  and  5.1.1  say  ba  patterned  on  a  skip-lot 
basis  for  each  vendor  and  class  in  accordsnee  with  a  suitaoly  documented  plan 
having  an  AQt,  of  at  least  10  percent.  Hn.-HOBX-51-l  and  si t-MOSK-5 3-2  are 
suitable  guides  to  preparing  a  skip-lot  plan. 


d. 


The  acceptance  tests  in  Section  5.1.2  and  5.1.1  are  not  required  If  the 
purchaser  has  an  iaplemenred  chemical  characterization  capability  and  pectsras 
the  tests  of  Section  S.2.2  on  each  prepreg  loc  to  tne  requirements  of  Table  II. 


Quality  Control  eay  perform  any  additional  tests  dt  this  specification  deemed 
necessary  to  ensure  continuing  uniform  quality  in  production  shipments. 


f . 


All  test  data  and  records  mutt  be  kept  on  file  and  readily  available 
reviev. 


tor 
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MATERIAL  TEST  NETKODS 


The  test  secnods  described  below  or  losing-approved  equivalent  tost  aethoda  snail  be 
used  . 

PHYS ICAL  PROPERTIES  TESTS 

Cxespc  *s  otherwise  noted  in  the  test  aethod,  test  three  saaples  equally  spaced 
across  tne  width  of  the  prepreq  for  each  pnysieal  property. 

RESIN  CONTEMT/CAAPKITE  AREAL  WEIGHT  -  TO  CURED  FREPREG 

a.  Cut  three  saeples,  each  10  ea  x  10  ca  elnieua  and,  for  Class  2.  at  lease  2.5  ca 
froa  the  edqe  of  the  prepreq.  Cut  the  saaples  so  that  the  edqes  ere  parallel 
and  perpendicular  to  the  careon  fiber.  Nei9b  to  the  nearest  ailliqtaa  (w^). 
Oeteraine  area  (A)  of  each  saaple  to  the  nearest  square,  ai lliae ter . 

b.  Extract  the  three  separate  saaples  In  separate  beakers  eontaininq  50  el  einiaua 
of  wars  (approxiaately  100P)  concentrated  nitric  acid.  _  Extract  fiber  tor  IS 
ainutes  ainiaua,  stittinq  occasionally.  (Option:  follow  Suppliers' 
recoaended  procedure  if  approved  by  boeinq). 

c.  Separate  the  fibers  by  eiltsrinq  or  decant  the  acid. 

•••••••••  Discard  filtered  acid  and  eater  before  filterinq  — ' 

CAUTION  acetone.  Do  not  allou  any  of  the  acetone  to 

•••••••••  aix  eith  the  acid. 

NOTE:  Caution  aua t  be  taken  not  to  lose  any  fiber. 

d.  Repeat  steps  a  and  c  two  tiaas,  then  follow  by  tinsmq  the  fibers  with  water 
and  then  rinse  with  Acetone. 

e.  Dry  the  fibers  at  220  «  lor  for  20  ainutes.  Allow  to  cool  to  tone  teaperature 
in  a  desiccaeor. 

f.  Weiqh  fibers  to  the  nearest  eilliqraa  (Wj) . 

q.  Calculate  Resin  Content  Percent  •  W1  *  w2  s  100 

n.  Calculate  Craphiee  Areal  weiqnt  •  JJ? 

A  e 

i.  Report  averaqe  and  individual  areal  weiqnt  and  resin  content.  The  avecaqe  value 
aust  aeet  the  requireaents  of  Table  t. 

VOL ATI L£  CONTENT 

a.  Place  a  piece  of  prepreq,  2x2  inches  ainiaua,  in  a  tared  fw , )  aluainua  pan 
and  weiqn  the  saaple  and  pan  to  the  nearest  ailliqraa  (Wjl . 

0.  Place  tne  saaple  in  an  air  circulating  oven  ar  325  »  lor  for  20  »  5  ainutes. 

c.  Reaove  the  saaple,  cool  to  rooa  teaperature  in  a  desiccator,  and  weiqn  to  tne 
nearest  ailliqraa  (dried  saaple  ♦  pan)  iwj|. 

d.  Calculate  Volatile  Content  Percent  •  w2  -  M3  x  100,  percent 

“2  -  -l 

v.  Report  averaqe  of  three  tests. 

n.ow  ■’ 

a.  Cut  four  pieces  of  qrapnite  prepreq,  each  a  inches  square;  two  pieces  of 

perforated  Teflon  separator,  *  inches  square;  and  six  pieces  of  1511  or  181 
style  glass  bleeder  fabric,  weigh  the  prepreq  to  the  nearest  ailliqraa  iw,_l. 

NOTE:  Use  a  perforated  Teflon  or  equivalent  release  fils  with  0.9«5  inch 

hole  diaaeter  and  2.22  percent  open  area  114  noles/in.-l. 

D.  Lay  uo  the  speciaen  staremq  vtth  three  plies  glass  cloth  followed  or  one  ply 

Teflon  separator,  then  four  plies  of  prepreq  (0  deqree.  80  Jeqree.  80  scqrce,  0 
deqree),  then  one  ply  of  Teflon  separator  and  tntee  plies  of  glass  cloth. 


(Continued) 
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R««t  ene  layup  in  *  press  sc  350  ♦  iOr,  100  *  S  ps  i  Cot  IS  *  10  airtuces. 
Resove  the  release  and  Bleeder  plies  and  flssft  and  ueigh  Che  cured  spec  men 


d.  Calculates  Plow  • 


Vi  -  Wi 

“i 


X  100,  percent 


TL't  THICXMESS  -  CURES  SAMI  MATE 


a.  Measure  to*  cured  laatnaces  prepared  foe  aechaaical  tescinq  ueinq  j  sinqle  l/t- 
Lnch-dleaetec  flat-faea  anvil  aicroaetar.  Do  not  aaasute  tAteanaia  actoaa  tsa 
laainata  edqe  area  what  a  edqe  blsedmq  or  edqa  daaainq  will  a(!ac:  laainata 
thickness. 

b.  The  reported  ply  thickness  shall  ba  tha  averaqe  of  at  least  10  dattrainatlona 
uniforaly  dlatribucad  ovar  tha  laainata  aurfaea  and  divtdad  by  tha  nuaoar  of 
pi  las  In  tha  laainata. 

INTERLAMINAR  POROSITT 

a.  oo  hot  as a  ralaaaa  filaa  whan  fabricating  panala. 

b.  raeticata  a  taps  or  fabric  (as  appropriatal  taat  panal  as  shown  in  fiqure  la 
and  staotllxa  cars  as  shown  in  Tiqure  lb. 

c.  As  a  ainiaua.  er ass-sect  ion  panal  alonq  tna  lina  marked  AA  in  fiqure  la. 

Eaaaiaa  visually,  polian  1  linaar  inen  of  aapoaad  edqe  in  tn*  J  ply  araa  which 
appaara  to  hava  tha  hiqnest  porosity  with  2-aic:on  diaaond  polish,  and  aiaaina 
undvr  SOX  aaqn i f icac ion  for  internal  porosity.  Calculate  tha  inttrnal  porosity 
based  upon  tna  worst  l  linaar  inch  of  pollanad  cross  section. 

CNV I  RON MENTAL  RESISTANCE  TEST  METROS 

a.  Cut  twalva  )  s  1-inch  spaciaana  froa  a  four-ply  (0/10)  fabric  taat  panal  and 
clean  witn  acatona. 

b.  Immerse  two  specimens  briefly  in  aacn  fluid  Listed  in  Tania  IV  and  dry  with 
clean  qauze.  ueiqn  seen  spvciavn  and  record  tna  mqnt  to  tha  naataat  0.1  aq 
(«1)  . 

c.  Subaerqe  tha  spaciaana  in  each  af  tna  taat  fluids  for  14  days.  Rtoova  tha 
spec  mens ,  dry  witn  clean  qauze.  weiqn.  and  record  weiqnts  co  tha  nearest  0.1 
-9  (W2I. 

d.  Calculate  tha  peccant  weiqht  incraaaa  us  inq  the  follow inq  aquation: 

Peccant  Waiqnt  Incraaaa  •  WT  -  W1  a  100 

*1 

MgCVANfCAl  PaOPCSTtSS  TESTS 

a.  Use  the  test  aet.hoda  described  below. 

b.  Except  as  otherwise  noted  in  the  teat  set-hod.  test  five  specimens  for  each 
laainata  property  and  tour  spaciaana  for  each  sandwich  property. 

c.  Tensile  and  coapcaaaton  spaciaena  may  be  fabricated  froa  the  saac  panel. 

d.  Perfoca  all  aecnanical  property  testtnq  uainq  test  aaemnes  comply inq  with  AST* 
Et. 

e.  Laminate  and  sandwich  test  panels  are  to  bo  fabricated  tn  accordance  with 
Section  I.}. 

t-  Spectaena  shall  ba  aachined  to  *  1  deqree  of  tha  fiber  ttsc  direction. 

9-  Speciaena  tested  at  rooa  teaperature  shall  be  conditioned  and  tested  at  71  • 

lor. 
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(Continued) 


'■  oTto* ' to* !!,**»*  tooporotut.  of  -TJ  ♦  lor.  1(0  .  lor,  oc  J00  .  lor 
priot  to  Imtiotinp  toot  lo4(J  4CcotdL«e  to  the  Tq.Llo.int  tool*: 


TIST _ 

[  All  dry  ttoti  ticipt  im 


Tljjg  IT  Tty~  -rtaftKATUPf  IMINUTSS1 


10  ♦  J 


All  «« C  tilt* 


count 33  :v£  sTftfMCTH  AMO  K3MUS 


3.:.: 


4.  Ultimata 'compressive  stress  can  b«  ooeamed  uamq  4  ipiciHs  44  anown  m  ri;un 
34.  Teat  in  accordance  with  aST.i  D491. 

6.  Compressive  aodulua  teattnq  raquirea  4  separate  specimen.  mown  m  nqure  is. 
Tate  this  coupon  to  approximately  1/3  failure  load  of  the  ido«.  aqam  uainq 
the  AST!*  0495  compression  fixture.  Ota  an  appropriate  coapr esaooe tec  to 
•secure  strain. 

c.  Calculate  compressive  stress  and  aodulus  as  followa,- 
Compressive  Strength,  Ultimate ,  pel 

re  •  »  •  j_ 

A  ot 

Compressive  Modulus  of  Elasticity,  pal 

Cc  •  iP 
kt 

Compressive  Ultimate  Strain,  micro  in. /in. 
c  .  Averaqe  Pe 
Avscaqa  1, 

there : 

9  -  qaqe  ltnqth  ot  tha  estensometar 

p  •  ultimate  compressive  load,  lb 

A  •  specimen  nominal  cross-sectional  area,  square  inenes 
(nominal  tsicsness  1  actual  vidtni 

b  *  widen,  measured  to  nearest  0.9Q1  inch 


4.1.3 


t  •  noainal  tltickness.  calculated  from  nominal  thicxnexs/ply 
(see  Taele  fV  A) 

P/Y  •  apparent  load  per  unit  deflection  (lb/in.l  based  on  tne  slope  ot  a 

straiqnt  line  best  fit  of  tse  load  deflection  curve  (see  ?:qure  4)  wmc.n 
iqnocea  those  portions  ot  cne  load  daflsction  wave  effected  by  saemne 
deflection  or  comp teisoma ter  slippaqe. 

TM POUCH -PtHrrPATt on  IMPACT  PROPERTIES  T£3?:«C 

a.  For  Class  l  material,  prepare  three  <  by  (-inch  laminate  sections  of  11  plies 
aliened  m  a  quasi- isotropic  lay-up  of  l»«i/90/-4i/0/»4i/90i 

0.  For  Class  2  material,  prepare  three. I  s  (-inch  laminace  sections  of  12  plies 
aliqned  in  a  10/98,  »  til  35  orientation. 

c.  Crip  specimen  in  a  future  equivalent  to  riqurt  (■  Specisen  snail  nave  *  free 
area  of  5  s  i  inenes.  Fastener  bolt  ensll  be  tiqntened  until  no  vibration  is 
deeected  after  coin  tap  st  specimen  center. 

4.  Perform  a  throuqn-penetration  impact  test  on  an  Effects  Tecr.nolo'iy . 

Incorporated  Model  1000  Instrumented  Impact  Tester  or  equivalent.  The 
followin')  conditions  snail  be  used: 

Indenter:  1/2-inCh  steel  hemispner  ical  tip  with  3/l-incn  s.nans 

Velocity:  4  ♦  0.1  feet/second 

Enerqy:  Creates  than  2i  foot-pounds  availaole 
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4. 


:.i 


Oat  a  capture  snail  ba  on  an  esc:  lloacopa  or  coaputa  r-baatd  tystaa  »itn 
iu(!ic:nc  cttoiution  to  detina  clearly  tha  incipient  dtu^t  Load  and  tn*  fihec 
fracture  Load. 


f.  CaLeuLaca  iapact  aecnanical  properties  aa  mown  in  tn*  aaaopLa  in  Figure  7. 
Oivida  Py  and  Pj  By  aoainal  tniesnas*  (tn)  to  noroaLixa. 

f.  Each  apacioon  snail  Bo  taatad  only  ona  tioe. 


file  (nrrm.Ajti.xA*  roucinciJ  test 

Tast  cured  laninates  in  accord anea  with  tha  oatnods  described  Ln  ISS  727). 
unc  i cam  r.cxoai  -  a-io  Letup 

a.  Cut  taat  spacioana  tras  tha  tast  panal  dascribad  in  Figure  la. 

Spacioan  diaanaions  aca  1  •  0.03  inchas  a  24  inchas.  with  cor*  riboon  diraction 
parallal  to  tn*  24  inch  dioansion.  Tast  J  spacioana  bag  aids  up  at  aacn  tast 
eond i t i on . 

b.  Tast  Sac-up  (aaa  Figure  Ic)  — ■ 

(LI  Osa  two-point  Loading  with  a  22-inch  support  span  and  a  4-inch  Load  span, 
aopioying  l-tncn  aids  ataai  aiocas  with  a  ruobor  pad  (L  s  1  s  l/l  inch)  o£ 
Shota  duroaacar  of  to  on  tha  Load  blocss  or  reaction  points.  (Is*  o £ 
tha  ruBbat  pods  is  optional.  Oaflscrlon  (T)  is  aaasurad  at  tha  eantar  of 
tha  span.  Tast  Bagsida  up.  Except  tor  tha  above  the  cast  procedure  shall 
ba  in  accordance  witn  MIL-S70-401. 

(2)  deport  tha  ultiaota  Load  (PI  and  tha  P/Y  value.  P/Y  is  tha  slop*  of  tha 
tonqent  drown  to  tne  iniciol  portion  at  tha  lood-daf lection  curve  (oca 
ngura  41  . 

LONG  I  CAM  Ft.  £XU*C  -  QUASI  ISOTKOPIC  LAYUP 

a.  Cut  tast  specimens  (coo  tha  panal  dascribad  in  Flqura  lb.  Specimen  disansions 
are  )  »  0.32  inchas  >  24  men**,  with  tha  core  riboon  direction  parallal  to  tha 
24  inch  dtaanaion.  Test  five  spacisans  Bag  side  up  ac  each  tast  condition. 

a.  Test  Sat-up  (sea  Figure  Icl 

(II  Us*  two-point  Loading  with  a  22-inch  support  span  and  a  4-incn  load  span, 
enploying  l-incn  wida  sttel  Blocss  with  s  ruboer  pad  (1x2a  1/f  men/  of 
Shore  'A*  duroaeter  at  10  on  the  Load  blocss  or  rsaction  points.  Use  of 
cna  cubosr  pad  is  optional.  Otfltctlon  < r 1  is  naasurad  ac  cna  eantar  of 
tha  span.  Tast  Bagsida  up.  Except  .for  the  aoova  tha  test  pcoctduct  snail 
Be  in  accordance  with  MIL-J7D-401. 

(2!  deport  the  ultioata  load  (PI  and  tha  P/Y  value.  P/Y  is  the  slop*  of  tn* 
tangent  drawn  to  tne  initial  portion  of  tn*  Load-da  fleet  ion  curve  lace 
rigurt  4)  . 

FLATUISE  TS4SILC 

a.  Spacioan 

Machine  flatwise  tanaila  tast  speciaens  2.0  s  2.0  inchts  square  to  0-degre* 
tape  fiber  or  faoric  warp  direction  fros  panel  snown  in  Tigura  la. 

b.  Procedure 

Tast  in  accscdsncs  with  MII-ST2-401. 

deport  the  uiciaate  strength  in  pounds  pec  squsre  inch. 
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TtST  P^HZl  FRtFARATTQN 


C  A  U  T  to*  Protective  gloves  should  be  worn  whi  Is  handling  a«c«rub 
•••••••••••••  qualified  to  tan  specif ication. 

4.  For  4 1 1  layups.  earefully  align  graphite  fibers  within  ^  l  degree  of  tat 
required  fiber  direction.  For  fabrics,  align  weep  yarns  in  layup. 

b.  Manually  sweep  every  ply  to  consolidsts  part  before  curing. 

c.  Ose  vacuus  bagging  procedure  shown  In  Figure  9. 

d.  Leah  check  each  vacuus  bag  layup  prior  to  cure.  Draw  22  inches  vacuus  aimsus 
in  the  bag.  Close  off  the  vacuus  line  and  eeasure  the  leakage  rats  using  a 
gage  on  the  assesoly.  The  vacuus  under  each  bag  suit  not  fail  soev  than  5 
inches  in  S  einutes. 

e.  Cure  apecisen  test  panels  in  an  autoclave  ua ing  the  Figure  10  curs  cycle. 
CHEMICAL  CHARACTER  [lAT’.OM  TESTS 

INFRARED  SPECTROSCOPY 

a.  Calibrate  IP  instrusent  in  accordance  with  sanuf acturer ' a  specification. 

b.  Sasple  Frepatation 

Catract  a  saspls  of  pceprsg  with  reagent  grade  acetone  at  rcos  teeperature. 

Mass  sure  all  the  resin  is  extracted  by  sampulating  the  fibers  with  a  peon*. 
FLacs  4  few  drops  of  this  solution  on  4  salt  block,  allow  the  acetone  to 
evaporate.  The  ream  fils  should  be  of  such  thickness  as  to  give  tr anas  1 1 tance 
of  IQ  to  30  percent  with  the  strongest  absorbing  peax. 

c.  Report 

The  spect cus  should  be  cosoared  Manually  or  eosputer  aided  with  tne  standard 
spectra*,  on  file.  to  detect  contaainants  or  gross  change  in  Cocaulat. on. 

(The  standard  to  be  furnished  to  supplier  by  Roeing.) 

LIQUID  CHROMATOGRAPHY 

a.  Perfora  colusn  calibration  in  accordance  with  tSS  7305. 

b.  Sasple  Preparation 

Lx  tract  a  sasple  of  prepreg  with  90:10  Cl3CM:tf20  solvent.  Sasple  concmtriuon 
snould  be  3  eg  of  prep reg/X  *i  of  90:10  Cf3CM:H20  solvent.  Resin  dissolution 
is  ensured  by  shaxing  for  10  einutes.  The  solution  it  filtered  tnrougn  a  0.5 
Micron  Mill ipore  FH  filter  or  equivalent. 


Instrusent  Facie* cats 


Colusn: 

moo 1  le  Phase : 


Flow  Kate: 
Injection  Voluae: 
Oetect ion: 

At tenuat ion: 


eicr o-Oondapak  Cl I  waters  W  or  cgu. valent. 
Gradient  Progrss  2/ 


I  tee 

Concencret : 

on 

0 

<09 

Ct3CM 

u 

100% 

OlJCS 

)/ 

11 

100% 

C1UC4 

:o 

•  0% 

CMJCN 

j/ 

24 

<0% 

0004 

l.S  ml/ain 
10  eicroliters  A/ 
UV  230na 
0.2  AUFS 


f  ~  •  \ 1 . 

•  *7  '-'  ,0 

>  vn 

■1  -sy  .% 


Chart  Speed: 


l  ca/sinute  (0.5  incn/einueii) 
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(Continued) 


1/  Minimum  column  piece  count  requirement  N(DEP)  3500  us  inf  5  « if me  method. 
Column  calibration  should  be  performed  each  day  in  analysis  it  conducted, 
(column  calibration  procedure*  see  item  e) . 

2/  Meter  purity  from  Ml lli-Q-Sys tea  or  equivalent  is  recommended. 

”  Acetonitrile  purity  of  MPLC  ftede  is  recommended. 

2./  Credient  to  be  linear. 

y  Other  infection  volumes  mey  be  used  If  the  sample  eoncentrst ion  is 
~  proportionally  adjusted. 


(1)  The  chrometofrem  should  be  compered  manually  or  computer  aided  with  a 
standard  enromatofram  to  detect  contaminants  or  fross  chanfe  in 
formulation.  (The  standard  to  be  furnished  to  supplier  by  iocinf.) 

(2)  feet  area  ratios  (averaqe  of  tv©  replicaeesj  as  rtfuired  for  each  supplier 
(see  QPL) . 

MATERIAL  rOCMTiriCATIOM 

Place  the  tollowinq  information  on  a  label  on  the  inside  the  core  of  each  roll  of 

prepref  . 

a.  batch  number,  roll  numoec.  roll  lenqth 

b.  IMS  1-254,  current  revision  letter.  Type,  Class,  Crade/Style 

c.  Quantity  and  width 

d.  Manufacturer  and  eatenal  designation 

#.  Dace  of  imprefnstion 

f.  fiber  identification  (BHS  9-1  Class.  Grade)  and  aanuf act urer ' s  designation 

PACKAGING  AMO  MARKING 


a.  All  frapftite  prepref  mall  be  interleaved  with  noncan  tan  inat  inf  carrier 
material. 

b.  If  the  earner  or  interleaf  eatenal  has  a  release  eoatinq.  the  coacinf  mall 
be  fully  cured  and  none ransf err  uiq .  The  carrier  width  snail  be  not  less  than 
the  prepreq  includinq  selvaqes.  The  earner  eatenal  mall  contain  a 

nont  ransf  err  mq  or  non- mmbit  mq  color  and  be  easily  reeovaole  from  the 
prepreq  at  ancient  temperatures  by  manufacturinq  personnel  after  normal 
hundlmq  during  fabrication. 

e.  For  Class  2  pcepreqs.  the  carrier  material  shall  have  a  d i aeond-tsoosaed 

pattern,  and  snail  be  placed  on  the  warp  surface  of  the  prepref  with  the  '.on 9 
dimension  of  the  diamond  pattern  parallel  to  tne  fabric  warp  direction. 

POLL  31 ZS 


For  Class  1  and  Class  2.  individual  rolls  shall  be  between  20  and  70  pounds  of  net 
conforminq  material  weiqnt.  Only  one  roll  of  each  batch  may  be  below  uniaua  weiqnt. 

CQPC  COMf! CITATION 


a.  Rolls  of  prepref  shall  be  supported  by  a  core  that  is  not  deformed  by  the 

material  weiqnt.  The  core  itself  should  be  supported  at  all  times  within  the 
thippinq  container  due  inf  shipping  and  storaqe  in  such  a  w«y  that  the  material 
will  not  be  Jamaqed  from  its  own  weiqnt.  % 


10.  ) 


(Continued) 


b.  Core  inside  diameter  shall  be  10  Inches  minimum  fat  Class  l  prepress,  and  1 
inches  amiaua  Coe  Class  2  ptepceg.' 

c.  Cote  length  shall  be  2  Co  (  inches  lonqat  chan  che  cattiet  width  Cot  Class  2 
materials. 

d.  Cates  shall  be  longer  chan  che  release  paper,  by  2  *  l  Inches  on  either  side, 
for  Class  1  aacetials. 

lo.a  cocos  cooe 


10.5 


10. < 


Caen  prepteg  coll  shall  be  color  coded  either  by  colored  carrier  or  by  color  marking 
of  the  roll  cote  and  or  center.  Tbe  color  cade  is  as  followsr 


grade/Sevla 


55 

145 

150 

1K-70-PW 

paciustwc 


Carrier/Soll  Core  Color 

Purple 

Oranqe 

white 

Purple 


a.  Packaging  shall  be  accomplished  in  such  a  aanner  as  to  assure  delivery  of 
aacecial  capable  of  meeting  Che  requirements  of  this  specification. 

b.  Seal  each  roll  in  an  airtight,  noncontaminating  bag,  0.00(  inch  ainieun 
thickness.  Dessicant  shall  be  placed  in  bags  prior  to  sealing. 

c.  Rolls  of  aacecial  which  have  been  stored  ae  lower  than  rooa  temperature  shall 
not  be  exposed  to  aaoient  atmospheric  conditions  unless  contained  in  a  sealed 
aoisture  proof  bag.  Sealed  bags  snail  not  be  opened  until  the  contents  have 
attained  aaoient  temperature  and  no  aoisture  is  visible  on  tbe  surface  of  the 
bags. 

HARKING 

a.  each  container  of  prepreg  shall  be  permanently  and  legibly  sacked  to  give  the 
information  in  Section  5. 

b.  Letter  on  each  container,  in  lacters  at  least  1/4  inen  high  (or  use  equivalent 
statement) : 

•SHIP  AMO  STORE  AT  I0r  OR  RELOW* 

*DO  NCT  STAM0  ON  EN0*  (for  containers  carrying  class  2  materials  only) 

c.  Each  Container  shall  have  the  date  of  shipment  and  the  purchase  order  number 
printed  on  che  package. 
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TABLE  C 


PREPREC  PHYSICAL  PROPERTIES 


PROP  ERTY 


REQUIREMENT 

. 

TYPE  X 

Tf,E  II 

TYPE  IV 

TEST 

MET! !  00 

Resin  Content,  percent  by  wt.  1/  2/ 
Volatiles  Content,  percent  by  vt.~J,/ 
flow.  percent  wt.  X/  ~ 


Are* I  weinht  Creonite  Onl 


Grade 

»S 

Ctade 

l«S 

Grade 

no 

Style 

l*-70-,w 

1/ 

1.  1.  1 

»s  ♦ 

s 

us  ♦ 

5 

l>0  ~ 

s 

l»l  * 

1 

1/  Required  for  supplier  and  purchaser  quality  control  testing.  — ' 

Z/  Supplier  OC  Testing: 

for  Grade  S3  tape,  any  roll  of  any  prepreq  lot  eay  be  within  ♦/-  3  percent  of  nominal. 

for  all  otner  Grades  and  Styles,  20  percent  or  one  roll  of  any  prepreq  lot  may  be  within 
♦/-  3  percent  of  nominal. 

Purchaser  QC  Testinq: 

For  all  Grades  and  Styles  all  sampled  rolls  (in  accordance  with  7.2.0)  of  any  prepreq  lot 
•ay  be  within  »/-  3  percent  of  nominal. 


table  II 

PREPREC  CHEMICAL  PROPERTIES 


PROPERTY 


TEST  METHOD 


i  Uncurwd  Resin  Chemical  Structure 


Resin  Component  Analysis 


Report  Infrared  Scan 


see  QPL 


TABLE  III 


'V,  9c 


IMPACT  MECHANICAL  PROPERTIES  MINIMUM  AVERAGE  REQUIREMENTS 


TEMPERATURE 

iri 


INCIPIENT 

DAMAGE 

LOAD  (P;>/tn 


TIBER  I 

TRACTURE  I  CIC 

LOAD  (Pf  l/en  |  (LB-IN.) 


TABLE  IV 

LAMINATE/SANDWtCM  PHYSICAL  PROPERTIES  (ALL  CLASSES) 


Ills  1/ 


XnttrlsainAt  Pocosity 


E.i*\:on«ntil  Rts  istAnct .  I 

J«f cent  «*«mnc  mcrctsc,  uiunua 


95 

145 

190 

3K-70-PW 


A£QU  X  R&HCNTS 

TEST 

TYPE  I 

TYPE  It 

TYPE  IV 

method 

MR 

NR 

NR 

». 4-10.0 

3. 5- 4. 5 

5. 5- 4. 7 

7. 3-*. 7 
NR 

NR 

NR 

NR 

7. 7-9.3 

- ! 

0.1.4 

1 

ALL  TYPES 

i 

All  Crsdcs 

•  1.1.5 

And  Sty Its 

0.1  ptrctnt  i 

ALL  TYPES 


Lcpoiur  e 

f  U  1  d 

T«?«d  . 

Csoocooanol  (Tecnnical) 

.  RT 

TT- 1-735 

.i«  t.iy  l  «cnyl  *«con«. 

RT 

JP-4  J«C  fu«i. 

RT 

NiL-r-5%:4 

0<iCin^  fluid. 

RT 

NlL-A-4243 

Hydraulic  fluid  2/ 

RT 

Hydraulic  fluid  2/ 

uar 

TABLE  IV  A 


V-' 


laminate  nominal  PER-PLX  thicjqiess 


i 

INCH  1 

CAAOE/STTLE 

l 

TTPE  I 

TYPE  II 

TYPE  IV  | 

55 

NR 

0.0040 

NR 

H5 

NR 

0.00(1 

NR 

190 

NR 

o.ooao 

HR 

3K-70-PW 

0. 0092 

NR 

o.ooas 

TABLE  V 

LAMINATE  MECHANICAL  PROPERTIES  (CLASS  I  •  TAPES) 


r* 

•  TEST 

i 

i 

3 

1 

TEST  METHOD 

•  Tensile  Strength 

-75F 

1(0 

8  .  2. 11 

!  U  1  Z  inj c«  ,  k4l 

KT  1/ 

180 

uo 

l 

■  0  degrees 

200 1 

160 

1(0 

j  Ten*  i  le  Modulus. 

-75r 

17.0-20.0 

rs. 0-21.0 

1. 2.  ’J 

osi  0  degrees 

KT  1/ 

17.0-20.0 

14.0-21.0 

| 

200F 

17.0-20.0 

14.0-21.0 

Ten* ile  Strain 

-7  if 

9,000 

7.000 

4.2.J 

;  Ulii**t«,  «-ifi./in 

RT  1/ 

9.500 

7,500 

1 

;  0  degree* 

2oor 

9.000 

7.000 

1 

i 

1  .M3[««lon  St:«nqC.1 

-75? 

170 

150 

8.2.2 

■  U It  111 C< ,  *3  1 

RT 

ISO 

140 

;  0  degrees 

lcor 

150 

130 

' 

zoor 

140 

120 

| 

‘  Compression  Modulus. 

-7  5? 

15.5  -  ia.s 

14.5  -  15.5 

1.2.3 

:  311  0  J«qtc«l 

rr 

15.0  -  18.0 

14.0  -  15.Q 

K0F 

i5.o  -  ia.o 

14.0  -  19.0 

i 

2oor 

15.0  -  1B.0 

14.0  -  15.0 

1 

Required  Coe  supplier  and  purenaaer  quality  control  testing. 


Ory  test  only 


TABLE  VI 


LAMINATE  MECHANICAL  PROPERTIES  {CLASS  2  -  FABRICS! 


TKS7 

i 

1 

TEST 

temp. 

Mti—tinm  i  rrrr  — 

"  . 

TEST 

METHOD 

m:n.  average 

OR  RANCE 

MIN.  INDIVIDUAL 
_ OR  RANGE _ _ _ 

TYPE  I !  TYPE  IV 

TYPE  I 

TYPE  tv  i 

1 

TemiU  Stcnqc.l  UltlMCt,  kl  i 

-7  IF 

I 

|5  5  30 

50 

• 

55 

1.2.1 

Harp  and  Fill 

RT  1/ 

<5  170 

90 

93  ! 

1 

j 

2oor 

(0  ,35 

30 

53  | 

Tensile  Modulus,  msi 

-75F 

7. 0-9. 5  {7.9-10.3 

3.0-10.5 

3.3-11.4  1 

9.2.1 

warp  and  Fill 

RT  1/ 

7. 0-9. 5  17.9-10.3 

3.0-10.5 

3.5-11.4 

i 

20  0  f 

7. 0-9. 3  17.9-10.3 

9.0-10.3 

6.5-11.4  * 

i 

Tensile  Strain  U Icimace in. /in. 

-7  5F 

«,ooo  6 , oca 

NR 

MR 

9.2.1 

warp  and  Fill 

RT  1/ 

7,000  7.000 

NR 

NR 

i 

2aor 

6,7  00  >.700 

NR 

NR  _• 

Camoression  Strength  Ultimate,  fcsii  ~75F 

70  ,75 

30 

<3 

8.2.2  | 

Warp  and  Fill 

RT 

70  75 

90 

65 

l 

uor 

60  6  5 

50 

35  1 

• 

200F 

55  .90 

43 

50 

i 

1 

Chraoression  Modulus,  msi 

-73F 

9. 5-9.0  7. 0-9. 7 

5.5-10.0 

6.0-10.8 

8.2.2 

Warp  and  Fill 

RT 

9.0-9. 5  9. 5-9. 2 

3.0-9. 5 

S.4-L0.3 

160F 

6.0-8. 5  6. 5-9.2 

3.0-9. 5 

3.4-10.3  ' 

200F 

9.0-9. 5  9. 5-9.2 

5.0-9. 3 

3.4-10.3 

Required  lor  supplier  and  purchaser  quality  control.  Ory  test  in  (ill  direction  only. 


TABLE  VII 


LAMINATE  WET  MECHANICAL  PROPERTIES  (ALL  CLASSES) 


i 

CLASS 

2 

CLASS  l 

j  I 

1 

i 

type  t 

TYPE  IV 

TYPE  II 

|  I 

i 

'  i 

•  1 

test  ; 

HIM  j  MIN 

mrnwm 

|  MIN  1  MIN  > 

i 

TEST  l 

CLASS  TEST 

TEMP.  AVC  .  I NO  | 

AVC  j  | 

METHOD  j 

■  i 

Compress  ion 

RT 

•  NR 

NR 

NR 

! 

'  NR 

■9 

« 

140  i 

a.:.: 

Strength,  Us i 

1 60  F 

!  NR  * 

NR 

NR 

!  NR 

■SI 

90 

0  degrees 

200F  1/ 

•  NR 

NR 

NR 

|  NR 

100 

70  j 

, 

Comot css  ion 

RT 

1 45 

50 

70 

1  55 

NR 

• 

NR  } 

9.2.2 

Strengtn.  ns l 

i6or 

!  53 

40 

60 

1  45 

NR 

NR  ; 

warp  and  Fill 

200F  2/ 

:  43  ; 

35 

SO 

!  40 

i 

NR 

NR  | 

1 

1/  Either  20QF  wet  long  dene  flexure  ultimate  and  P/Y,  or  200F  wet  compression  strength  ultimate 
is  required  (or  supplier  and  purchaser  quality  control.  The  test  selected  is  at  the  option 
of  do tn  tne  supplier  and  the  purchaser.  Test  Class  2  in  the  fill  direction  only. 


2/  Either  200T  wet  Quas i-Isoeropic  lonq  beam  flexure  ultimate  and  P/Y,  or  200F  wet  compression 
strength  ultimate  is  required  for  supplier  and  purchaser  quality  control.  The  test  selected 
u  at  the  option  of  both  the  supplier  and  the  purchaser.  Test  Class  2  in  the  fill  direction 


TABLE  VIII 


RECHAN  I CAL  PROPERTY  REQUIREMENTS  PQR  SANDWICH  TEST  PANELS  (CLASS  1  -  TAPES) 


PROPERTY 

WgQDSHj 

■ 

i 

.  i 

TEST  MT1IOO 

,  Long  Btaa  n.iuc*  0-90  Cjyup 

• 

t.2.5  ; 

Ultia.c.,  lb 

t 

i 

-75  r 

200 

* 

RT 

200 

2oor 

ISO 

i 

200  wet  1/ 
j  ” 

170 

%  * 

|  r/t.  ib/m. 

0.2.5  ; 

i  -7  5r 

225 

1 

*T 

225 

1 

200F 

220 

— 

200  w.t  1/ 

220 

1 

Flatwise  Tensile,  psi 

1.2.7 

-75r 

430 

XT 

4  50 

200  f 

: 

400 

t 

1/  Cither  200T  wet  lonq  beam  Clexure  ultimate  And  P/T,  oc  200P  wet  compression 
strength  ultimate  (see  Taoie  VXD  are  required  Cor  supplier  and  purchaser 
quality  control.  The  test  selected  is  at  the  option  of  doth  tnc  supplier  and 
trie  purchaser. 


TABLE  IX 

MECHANICAL  PROPERTY  REQUIREMENTS  FOR  SANDWICH  TEST  PANELS  (CLASS  2  -  FABRICS) 


Long  3«<i  Fleiurc  0-90  Layup 

CJltiMct.  Lb 

-75  r 

250 

RT 

210 

2oor 

190 

2oor  w«c 

ISO 

P/Y ,  Lb/ in. 

-7  5P 

220 

R? 

200 

200F 

200 

200F  w«t 

1*0 

Quas i-I sotrapic  Long  Beta  fi«xura 

Bagaidc  ultimata.  Lb 

| 

! 

RT 

210 

200F  w«c  1/ 

140  i 

| 

P/Y.  16/in. 

RT 

ISO  1 

200F  wet  1/ 

12S  ! 

Flatwise  Tensile.  Psi 

Eitner  200P  wet  Quos i-Isotropic  tons  &•  ja  (lesure  ultiutt  and  P/Y.  or  200F  wet 
coapression  strenqtn  ultimate  (see  TaoLe  VIII  Is  required  (or  supplier  And 
purchaser  quality  control.  The  test  selected  is  at  the  option  o(  oocn  the 
supplier  and  the  purchaser.  Test  in  (ill  direction  only. 


iv5w 


frlWVtNwv  'isy 


C«nwrai  Notts: 

X.  Ml  di*«n*ion*  in  In  inches.  OiHniiou  shown 


slack or es 

1/  alicnnent  boles  arc  optional.  tr 
notes  art  uses,  notes  sh all  uc 
within  a. oos  inch  or  specimen 

CENTERLINE. 

2/  22  toot  riNISH  IN  ACCORDANCE  WITH 

ANSI  B««.l.  COOLS  SHALL  UC 
HA  CM  IN  CO  ANO  TESTSO  PARALLEL  TO 
nt  riBCR  OIRCCTION. 

2/  TAm  NAT  1C  ACltlEVtD  IT 

(A)  STAGGERING  EACH  PLT  OT  0 . 10  INCH 
OR  lb)  HACHININC  TO  THt  SAME  RELATIVE 
ANCLE  OBTAINED  with  STACCCR1NC. 

«/  edges  or  opposing  ionoeo  tads  shall 

NATCH  WITHIN  0.010  INCHES. 

5/  BALANCE  ORIENTATION  TO  PREVENT 
DAMAGE. 


without  tolerances  At*  noninAl. 


2.  Edge  tUt  And  parallel  within  0.005  incn. 

I.  A.  Us*  practiced  tiberqlaei  tab*  constructed  in  a  balAncid  oticnucion  (0/50)  ot  5  plica  of 
St/1*  111  (1511  and  7511  optional)  prepreg  in  acesrdanc*  with  not*  5.b. 

b.  Us*  :sor  curing  fiberglass  tab*  and  adhesives  (or  -«5r,  RT  and  l*or  specieenu.  Us*  750P 
curing  fiberglass  tab*  and  adhesive  for  170T  specinans. 

c.  Bonding  aurfac*  preparation  -  0**  IKS  15-5  Clas*  1  Lapreqnated  pc*l  ply  and/or  hand  sand 
witn  100  grit  in  0  degree  direction.  Solvent  wipe  sanded  surface  prior. to  tending. 


LAMINATE  PLT  BECUIRENENTS 

no.  or 


CRAPE 

ORIENTATION 

fLIZS 

55 

0  0*gr*« 

u 

1«5 

0  0*gr«« 

1 

150 

0  degree 

( 

TENSILE  TEST  SPECIMENS  TOR  UNIDIRECTIONAL  TAPE  (CLASS  U 


r-AC-'ioTU  s 


£  V 


1/  ALIGNMENT  HOLES  AAE  OPTIONAL.  It  MOLES 
ARE  USES.  HOLES  SMALL  SC  MI THIN  0.303 

inch  or  specimen  centerline. 

2/  TRANSITION  PSOM  CENTEX  SECTION  to 
TA PCXES  SECTION  SMALL  SE  SMOOTHLY 
JOINED  IN  THE  ASEA  3 P  1/4  SAD. 

1/  THE  WIDTH  INWARO  FROM  TOE  ENOS  OP  THE 

CACZ  SECTION  SHALL  SE  SEDUCES  GRADUALLY 
AMO  EQUALLY  SY  O.OOJ-O.OOS  INCHES  AT 
THE  CENTEX  TO  PREVENT  ABRUPT  CHANCES 
IN  SI  HENS  ION. 

4/  HINIHUH  LC4CTH  'OP  UNCXIPPEB  SECTION. 

RESULTS  OBTAINED  rxOM  SPECIMENS  WHICH 
PAIL  ENTIRELY  OUTSiUE  OP  CACE  SECTION 
HAY  SC  DISRECAROEO. 

5/  SPECIMEN  LENCTII  MAY  EXCEED  1_. INDIES. 
HOWEVER  THE  TAPER  MUST  BE  HELD 
CONSTANT.  ANY  EXTENSION  OK  LENCTII 
BEYOND  3  INDIES  MAY  HAVE  PARALLEL 
SIDES. 

«/  123  EDGE  FLATNESS  IS  RCQUIREO  IN 

ACCORDANCE  WITH  ANSI  D4t.l. 

7/  THE  SPECIMEN  SHALL  SE  SYMMETRICAL 
ABOUT  THE  VERTICAL  CENTERLINE  AND 
ABOUT  THE  CENTER  IN  THE  CACE  SECTION 
WITHIN  0.002  INCH. 


Cwnwr.il  Meets: 

All  Jiaenitaiu  In  men* j . 

LAMINATE  PLY  TNICRNESS 

HO.  OF 

STYLE  ORIENTATION  PLIES 

1K-70-PW  Warp  «nd  Pill  12 


TENSILE  TEST  SPECIMEN  FOR  WOVEN  FABRIC  ICLASS  2) 
Figure  ] 


i 


BMS 


COMPRESSION  ULTIMATE  STRCNC7H  SPECIMEN  COMPRESSION  MODULUS  SPECIMEN 

Figure  5a  Figure  5d 


Cenec Jl  Notti: 

1.  Laminate  ply  rtquirtatncs  same  as  Cor  tens i Is  test  specimens  {Tiqures  2  And  2). 

2.  Test  in  Accordance  wit ft  A STM  0495  m  compression  fixture  usinq  sppropriAte  compr cssoae te r . 

1.  Preptre  the  specimen  prior  to  bondinq  the  tAOs  by  removing  previously  Applied  Oi-G  15-3.  Claes 
1  impregnated  peel  ply.  by  handsandinq  the  bonding  area  of  ene  test  panel  with  ISO  grit 
sandpaper,  sandblasting  or  sanding  the  tao  to  remove  all  Surface  gloss.  and  cleaning 
thoroughly  with  acetone  or  MEK.  Tor  cac  bonding,  250T  curing  adhesive  Isucn  jj  jm5  5-40  and 
SMS  5-101)  say  be  used  Cor  tests  at  140F  and  below.  IKS  1-  2  45  snail  be  used  :ot  2  ~  3F  teats 
and  say  oe  used  for  Che  lower  temper acures . 


F  lagnotes : 

1/  12  edqe  finish  is  required  in  accordance  witn  ANSI  *44.1.  Edges  shall  be  machined  and  tested 

parallel  to  tne  fiber  direction. 

2/  Support  tab  material  shall  be  typically  the  same  as  that  being  tested.  The  fiber  direction 
of  tne  csbs  shall  have  the  same  orientation  as  that  found  m  the  specimen. 


4/ 


a  must  equal  b  to  within  0.010  inch  and  e  must  equal  a  to  uithm  0.002  inch. 
Edges  of  opposite  side  bonded  tabs  shall  match  within  0.005  inciep. 


incipient  load  (Mini  (tictactl 

fitter  fracture  lead 


tvacr  PNorcrry  oat  a  analysis 
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L'ES'If  :  I  F  T  ION:  STRUCTURAL  TEST  PLAN 


STATUS:  A  preliminary  structural  test  plan  to  test  the  major 
LTHD  components  was  developed  and  is  current  as  of  13  March  19S7. 
Revisions  to  the  first  draft  have  been  started  by  Dave  Lanaerud 
and  are  also  included  in  this  section. 

Ac  out  S  potential  testing  firms  have  been  identified  as  having 
the  needed  -facilities.  This  list  was  being  narrowed  down  as  of 
13  March  1^9". 


AUTHuR:  Mike  Lemcune,  Dave  Lanqerub 


liirJ'  (oMVnt  <pTa*Jcr^AL  Tb^ti^^ 


L  1  HI)  TEST  FLAN 
STRUCTURAL  TESTING 

M>  tf  »3M Mill 


STRI  U  -T  LJKAl  TF'STINb 


i  PURPOSE .  This,  test  is.  iriterided  to  verify,  thr  ough  st.it  n  loud 
tests,  the  structural  integrity  of  the  main  component')  of  the 
t  ightweight  Towed  Howitzer  .  Components  tested  shall  he  the 
cradle,  gimbal,  trails,  and  platform  structures.  The'*  <  i  >mpo 
nents  shall  be  tested  as  an  assembled  unit  under  load  t ondi 
tion--  expected  during  various,  firing  s-ceriarios. 


TEST  t  Ul  1 1 f  ME  NT  .  1  tie  equipment  required  to  perform  this 
consists  of  the  following: 

1)  A  test  facility  capable  of  simultaneously  apply  it 
CO ,  000  if.  direct  static  load  and  a  40,000  ft -It'  • 
load.  , 

0!  Mr  coat  pairit.  ,,u  <CLu~  ^*1 i  Ov.^-jL  7) 

0 )  B  i  a  x  i  a  1  str  ain  gag. •• ..  1 

4 )  Strain  gage  monitoring  equipment. 

5)  Connecting  hardware  for  the  major  components. 

o)  A  means,  of  elevating  arid  training  the  cradle  and 
ha  1  in  t tie  platform. 

7)  Load  plates  to  attach  to  the  cradle  at  the  front 
rear  manifolds.  All  applied  loads  s-hal!  t>e  input 
these  load  plates. 

0)  A  means  of  simulating  the  3* 00  It'  weight  of  the 
r  er  oi  1  i  rig  c  omponen  t  . 

'->)  A  hacking  plate  for  the  spade. 


o  f  s  i  mu  1  t  a n eou  s- 1  y 
load  and  a  4b',  COO 


C-»*J 


appi  y 
f  t-lt. 


equipnu  Tit  . 
the  major 


c  omponen t  s . 


arid 

t  tit  u 


It  ST  f 'Root:  DOLE  S. 

I)  A  semcl e  the  howitzer  components.. 

b )  At  ta>  ti  the  load  plates  to  the  cradle  at  the 
mart  i  f  o  1  ds . 

3)  Apply  str  ess  coat  to  ar eas  expected  to  be  highly 
st  r  es  sed . 

4)  Apply  the  recoiling  component  load. 

5)  Position  the  cradle  to  0  degrees  elevation  arid  o 
degr  ees  t r  ain. 

o)  Apply  a  20,000  It'  direct  load  to  the  front  face  of 

the  forward  load  plate  while  simultaneously  applying 
a  f.,000  f  t  - 1  b  torque  to  both  the  front  arid  rear  load 
pl ates. 

7)  Remove  t f m ■  load  after  10  seconds  and  examine  the 
stress  coat.  Place  strain  gages  accordingly. 

8)  Take  strain  measurements,  while  applying  the  full 
80,000  It'  direct  load  to  the  front  load  plate  arid 
21, S00  ft-lb  torque  load  to  each  load  plate.  Apply 
the  load  for  ten  seconds. 

■7)  Remove  strain  gages  arid  c  lean  off  stress  coat. 

10)  Position  the  cradle  to  0  degrees  elevation  arid  22.  h 
degrees  train. 

II)  Repeat  steps,  p  through  w. 

12)  Position  the  cradle  to  72  degrees-,  elevation  and  22. h 


I  THI)  TE  t-.T  PLAN 
ST  RUCTUkAL  TEST  ]Ni 


vv, 

& 


35 

& 


M 


f  hi 

UCLPUPt 

1-  (CuNTlNULD) 

degr  ee 

s  t  r  am. 

1  o ) 

Ri-p-f-.i  t 

steps  *  ■ 

through  '■*  . 

14) 

Pi  >■:  it  i  on  the  c  r 

ad  1  e  to  Vv  degree-  elevation 

di  -qr  ee 

■  1 1  a  i  r  i . 

11.) 

Rep-ea  t 

step-  r. 

t  fir  c.ugfi  '  > . 

Jo) 

Di  SU  'a. 

emt-le  . 

1.4  ALICE  f  T  ANCEI  CPITEP1A.  The  individual  c  onrp.onents  shall  no 

?iqn-  i  -  f  y  l  el d  1  no ,  u.n  Ling,  or  any  c*t  hit-t  typ.e  a 5- — pfr wnrifu’ 

dofi't  m.it  ion  .  Strain  gage  t  p.H.inig  pJiui  1  1  be  t>el  ofct^__ _ _ r  : 

for  Titanium  c  omr-oneri  t  •  ,  hi  ■  1  Qui  — -d:-~  i  f  or  t  he — U-oqJ 

( Al  ijitu  num  S  i  1  i  <.  on  Cat  Si  do  c  ompu'..i  t  e)  ,  arid  bel  d^T _ >b '  l 

for  the  cradle  ( WSX2S2- AD-PEVv..  Grap.fute  Epoxy  compoo]  to)  . 
Held,  in  ureas  suspr-i  tod  c>f  over  s  t  r  ess  shall  t-e  r  adiogr  up-hed 
or  insp.ee  ted  otho  wio'  to  insure  soundness. 


].[  c  P  IT  I  CAL  TEST  CONDITIONS.  Pin  c  nrmer.  t  i  ore  shall  So  made  u?  mg 
the  pr  odui  tion  a?,  sembly  hardware  if  pose  ltd  e .  Undersized  pun-; 
or  pure  of  any  weaker  material  than  that  specified  shall  not 
So  permitted  when  substitutions  are  required.  Threaded  Con¬ 
ner  tions  shul  1  use  grade-  u  c  apse  r  ew$  arid  all  c  ap-sc  r  ews  in 
critical  load  areas  shall  t>e  rep-laced  at  test  c  ompdet  ion .  The 
direct  static  load  shall  t-e  app-lied  in  each  case  such  that__j_t_ 
is  parallel  to  tfie  lorigi  t  udinal  axis  of  the  cradle  withi(T____ 

J.r..  T  EIS  T  i’.CHE  1)1  ILL  .  The  individule  comp-onents  will  t>e  fabricated 
t-y  August  14,  Te-  ting  can  t-egin  ori  September  1,  l‘<: : 

arid  it  mu-  t  t-e  complete-!  t-y  bop-tember  Is,  1  .  A  tot  t  t-p-ui  t 

■•fiall  be  submitted  rm  later  the  'U  day:  after  the  c  C>ni  lu\ion 


-hv"  ^  w 


LTHD  TEST  PLAN 
STRUCTURAL  TESTING 


SP/?  P& 


1.0  SIRUCIURAL  IESIING 

1.1  PURPOSE.  This  test  is  intended  to  verify,  through  static  load 
tests,  the  structural  integrity  of  the  main  components  of  the 
Lightweight  Towed  Howitzer.  Components  tested  shall  be  the 

_  .  cradle,  gimbal,  trails,  and  platform  structures.  These  c  ompo- 

^nents  shall  be  tested  as  an  assembled  unit  under  load  condi¬ 
tions  expected  during  various  firing  scenarios. 

1.2  TEST  EQUIPMENT.  The  equipment,  required  to  perform  this  test 
consists  of  the  following: 

1)  A  test  facility  capable  of  simultaneously  applying  an 
SO , 000  lb  direct  static  load  and  a  42,500  ft-lb  torque 
load.  f 


.  £  t  ^ 

<p<  e1'"  s 


2)  -Stress  coat  paint.  ^ 

3)  Biaxial  strain  gages.  < 

4)  Strain  gage  monitoring  equipment. 

5J  Connecting  hardware  for-  the  major  components. 
■t ./  A  means  of  elevating  and  training  the  cradle  a 


t.)  A  means  of  elevating  and  training  the  cradle  and  gim- 
bal  in  the  platform.  r*A i/&*sz 

7)  Load  plates  to  attach  to  the  cradle  at  the  front  and 

rear  manifolds.  All  applied  loads  shall  be  input  thru 
these  load  plates.  _ 

8)  A  means  of  simulating  thefS'^OO)  lb  weight  of  the 

rec  oiling  components.  ‘  f  r,  «2<s<. 

9)  A  backing  plate  for  the  spade.  ?  of*- 


1.3  TEST  PROCEDURES. 

1)  Assemble  the  howitzer  components. 

2)  Attach  the  load  plates  to  the  cradle  at  the 
man i folds . 

3)  Apply  stress  coat  to  areas  expected  to  be  highly 
stressed . 

4)  Apply  the  recoiling  component,  load. 

5)  Position  the  cradle  to  0  degrees  elevation  and  0 
degrees  train 

6)  Apply  a  20,000  lb  direct,  load  to  the  front  face  of 
the  forward  load  plate  while  simultaneously  applying 

✓  V  ./  a  5,000  ft-lb  torque  to  both  the  front  and  rear  load 

_  5 S  plates. 

7)  Remove  the  load  after  10  seconds  and  examine  the 
l~d.  stress  coat.  Place  strain  gages  acc ordingly . 


/  *  ^  f  ■  '  *  ncmu  v  xc  i  m-s  ui  in  ±  cii  ivj  cacimui  ic  u  ir 

j/r0+'}  . ,  stress  coat.  Place  strain  gages  accordingly. 

I  A  8)1  Take  strain  measurements  while  applying  the  full 

L  j.  \  e*  90.000  It.  direct  load  to  the  front  load  olate  an 


A.  ^ 


„*£<>■*  j  ! 


80,000  It.  direct  load  to  the  fr-ont.  load  plate  and 
21,500  ft-lb  torque  load  to  each  load  plate.  Apply 
the  load  for-  ten  seconds. 

9)  Remove  strain  gages  and  clean  off  stress  coat. 

10)  Position  the  cradle  to  0  degrees  elevation  and  22.5 

degr  ees  t  r  a i n  ra***. »s <s 

11)  Repeat  steps  6  through  9. 

12)  Position  the  cradle  to  72  degrees  elevation  and  22.5 
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LTHD  TEST  PLAN 

structural  testing 


1  _>  TEST  PROCEDURES  (CONTINUED) 

degr  ee;  train.  ■*"'  r*  *  *•-  =  ^ » 

13)  Repeat  steps  *  through  l-‘ . 

1 4 )  Position  ttie  cradle*  to  72  degrees  elevation  arid  0 
degrees  train.*-  r-4  **'£***- 

15)  Repeat  steps  t-  through  . 

It.)  Disassemble . 


1.4  ACCEPTANCE  CRITERIA.  The  individual  components  shall  show  no 
signs  of  yielding,  cracking,  or  any  other  type  q£— pyr m a rve^t 
defor  ma 
for  Tit 
( Alumm 
for'  t  tie 

Welds  in  areas  suspected  of  overstress  shall  be  radiographed 
or  inspected  other  wise  to  insure  soundness. 


tion.  Strain  gage  readings  -ha)  1  he*  tie  I  on _ 

anium  components,  below  i  for  JLtua  n.-,  ji  - , 

um  Silicon  Carbide  composite),  and  beld$~^.  j)p-; 

cradle  ( L)3X2u2-42-E5'v3  Graphite  Epoxy  composite). 


1 . 5 


CRITICAL  TEST  CONDITIONS.  Pm  connections  shall  be  made  using 
the  production  assembly  hardware  if  possible.  Undersized  pins 
or  pins  of  any  weaker  material  than  that  specified  shall  not 
be  permitted  when  substitutions  are  required.  Threaded  con- 
nections  shall  use  grade  S  capscrews  arid  all  capscrews  in 
critical  load  areas  shall  be  replaced  at  test  completion.  The 


direct  static  load  shall  be  applied  in  each  case  such  tha_t_ 
is  parallel  to  the  longitudinal  axis  of  the  cradle  within 


l.p  TEST  SCHEDULE.  The  individule  components  will  t>e  fabricated 
by  August  14,  l^s?.  Testing  can  begin  on  September  1,  l^.x? 
and  it  must  be  completed  by  September  IS,  1427.  A  test  report 
shall  be  submitted  no  later-  the  30  days  after  the  conclusion 
of  testing. 
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PE6CR I  FT  I ON:  DUALITY  ASSURANCE  PROGRAM  PLAN 


STATUS:  The  Quality  Assurance  F'roqraiTi  FT  an  was  written  30 
September  1936  and  is  current  at  least  to  27  October  1986.  A 
review  cT  the  report  is  needed  to  determine  what  changes  are 
required  to  bring  it  completely  up-tc-date. 
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Quality  Assurance  Frog  i  am  F 1  a  r.  (QAFF)  desc:  ip-t  m,  pr  cv  ides  • 
necessary  information  concerning  quality  functions  t.  nat  wi.l  he  ; 
fi  r  the  Lightweight  Towed  Howitzer  Demonstrat  r  Program  at  N--  r  •  h* 
C  r  dr.anre  Division  of  FMC  Coiporat  ion.  The  inf  c  rmat  i  on  is  spec  i  f  . 
app  1  i  cable  to  the  Demonstrator  and  related  hardware  f  r  the;  ;  r  i; 
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The  FMC  Qua  1  1  ty  Assurance  (QA)  system  -tp[  .  res  t  c,  a. 
services  manufactured  for  Phase  III  ■  f  the  Liqhtwe 
Howitzer  Demonstrator  (LHTD)  prc-’ec* 


In'.eiU 

The  QA  Program  Plan  will  he  in  a-T  id, m  e  with.  a. 
the  Statement  of  Work  (SOW)  in  the  cor  tract  .  Th . c 
utilizes  MIL  Q  98b8  and  AMCK  700  b  as  guideline.1. 
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The  LTHD  quality  program  is  designed  t  provide  ade  ;  .a*  »•  • 

procedures  and  controls  throughout  design,  deve'. 
fabrication,  processing,  assembly,  inspection,  te«.  • 
maintenance,  packaging,  shipping,  and  storage. 

Additionally,  the  quality  program  has  been  designed  * 
complement  the  unique  considerations  of  single  piece 
fabrication.  This  plan  recognizes  the  need  for  research.  w.\-  : 
necessary,  to  develop  inspection  techniques  and  i  ns  t  r  umer.t  „  •  .  • 
compatible  with  advanced  manufacturing  methods  and  design 
requ i rements . 

This  program  provides  for  the  prevention  and  ready  detect:  t 

discrepancies,  and  for  timely  and  positive  corrective  act  :  . 

The  program  also  includes  effective  con'rol  of  purchased 
materials  and  subcontracted  work. 

All  LTHD  supplies  and  services  under  the  contract,  whether 
manufactured  or  performed  within  the  FMC  plant  or  at  any  oth--: 
source,  are  controlled  to  ensure  conformance  to  contract  arc: 
requ 1 rements . 


Bel  alien  _tQ  Qthe  r  Centra  et_  Regui  remen  t  s 

Any  procedure  or  document  executed  in  the  implementation  of  the 
QA  Program  plan  is  in  addition  to,  and  not  in  derogation  of, 
other  contract  requirements.  If  any  i neons i stency  exists 
between  the  contract  schedule  or  its  general  provisions  and  this 
document,  the  contract  schedule  and  its  general  provisions  shall 
take  precedence. 
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equipment  .  and  manpower  of  the  gA  Irepa :  '.ra*>nt 


'duties  and  i'espvnsxbi  i ;  t  ;t*s 

In  additi  r,  to  the  speo ;  t  :  •  qua  I  :  t  y  ass.:  ran  -e  dot  r  he 

guality  Engineer  will  ir.on;  ♦  r  all  other  depa  r  tnrnt  r.  t  enr...:* 
rnirp  1 1  anre  with  their  re:-pe  tive  gA  responr.  i  H  I  i  t  les  ,  a:  .{*>?  • 
in  this  plan. 
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lity:  Quality  Assurance ,  Advance: 

i  M-:-*aIs,  Test,  Systems  Engineer: 


VQRK  AEROSPACE  AND  MARCTTA  SCIENTIFIC  SUBCONTRACTS 
Primary  Responsibility:  Metals  Techno  logy/ Concept 
Deve 1 opment 

Secondary  Responsibility:  Quality  Assurance,  Advanced 
Manufacturing  with  Metals,  Test,  Systems  Engineering 


ALL  OTHER  MATERIALS/COMPONENTS/PURCHASES/SUBCONTRACTS 
Primary  Responsibility:  Quality  Assurance 
Secondary  Responsibility:  Concept  Development,  System 
Engineering,  Test,  Advanced  Manufacturing  with  Metals 


Maintenance  of  records  to  clearly  identify  procedures  and 
processes  utilized  in  the  performance  of  the  contract. 
Primary  Responsibility:  Quality  Assurance 

Secondary  Responsibility:  All  supporting  departments 


d.  Identification  of  specific  problems  and  deficiencies;  control 
and  review  of  the  corrections  in  conjunction  with  Engineering 
to  ensure  designs  and  procedures  have  been  properly  modified. 
Primary  Responsibility:  Quality  Assurance 

Secondary  Responsibility:  System  Engineering,  Test 


1.  (1.  ll.  A*..  A*—  1*.  _ 
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resign  engineering  will  develop  a  procedure  for  documenting  a 
cent rc  1  ling  drawing  changes.  QA  will  monitor  this  process  or. 
released  for  manufacture  or  upon  release  of  a  purchase  order. 

:  New  drawings  will  be  prepared  as  level  2  in  accordance  with 
Northern  Ordnance  Drafting  Practices  standard  as  tailored  by 
01-5.-10396.  Drawings  will  be  reviewed  for  technical  accuracy 
and  design  integrity  by  the  Engineering  checker  before  final* 
approval  by  the  project  engineer.  The  Engineering  Standards 
section  will  review  these  drawings  for  conformance  to  the  lev 
2  requirements  of  DOD-D-IOOO  and  the  tailoring  requirements  o 
DI-E-10396.  Drawings  prepared  by  subcontractors  will  be  subj 
to  the  same  review  and  control  procedures.  Drawings  will  be 
prepared  using  ARRADCOM  formats,  drawing  numbers  and  FSCM's. 

Northern  Ordnance  will  control  the  documentation  of  new  items 
following  the  order  of  precedence  described  in  MIL-STD-143  ar. 
reviewing  the  DODISS  to  determine  the  existence  of  items 
suitable  of  application  in  the  LTHD .  Specification  Control 
drawings  will  be  prepared  only  when  no  suitable  item  can  be 
determined  to  exist. 

c.  Part  numbers  received  from  AMCCOM  will  be  assigned  by  the 
project  engineer.  He  will  maintain  accountability  records  :: 
such  assignment. 

d.  Drawings  will  be  released  for  fabrication  or  procurement  bv  • 
project  engineer.  Changes  to  drawings  will  be  authorize'-  • 
project  engineer.  He  will  provide  distribution  and  mam* 
control  of  any  related  paperwork. 

The  engineer  will  specify  drawing  changes  by  mark::..-  .- 
the  master  drawing.  The  marked  up  print  will  be  -.  •  .  • 
the  designers  and  the  Project  Engineer  (or  his  b- :•  :  • 
will  become  the  authorization  for  fabrication  : 
changes . 

The  master  drawing  will  be  changed  as  ind: ■ 
print,  revision  level  raised,  and  a  ri<-: 
will  be  entered  in  the  revision  block.  :  •  • 
drawing  will  be  compared  with  the 
satisfactory  the  checker  will  j  r. :  •  . 
will  submit  for  the  project  er..:  ;  • 

engineer  will  indicate  his  ;  : 
block.  The  project  eng  -.;.•••■  .. 

suitable  files  in  the  ;  : 
delivery. 
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4.2.3  Calibration 


Calibration  procedures  are  all  maintained  in  the  Northern  Ordnance 
Calibration  Manual,  E-900.  This  document  details  the  format 
utilized  for  calibration  of  all  items  used  in  the  final  acceptance 
of  a  component  or  assembly.  This  manual  is  maintained  by  QA,  to 
further  monitor  the  program,  ensuring  all  procedures  are  in 
compliance  with  the  necessary  standards.  Additional  calibration 
procedures  will  be  initiated  and  maintained  when  necessary  to 
accommodate  developments  in  instrumentation. 

4.2.4  Purchasing  Control 

QA  or  the  "primary"  responsible  department  identified  in  4.2.1 
performs  the  function  of  ensuring  that  products  supplied  in  the 
performance  of  the  contract  meet  all  specifications  necessary  to 
comply  with  quality  and  performance  requirements.  To  attain  this 
goal,  the  following  functions  will  be  adhered  to: 

a.  Only  those  suppliers  approved  by  QA  will  furnish  products  used 
in  Phase  III  of  LTHD.  Suppliers  of  raw  material  or  key 
components  (as  described  in  4.2.2.b)  may  be  initially  selected 
by  the  cognizant  engineer  based  on  ability  of  the  supplier  to 
meet  design  requirements.  In  such  cases,  the  cognizant 
engineer  is  responsible  for  surveying  and  approving  the 
supplier  after  consulting  with  QA  for  quality  requirements. 

b.  All  quality  and  technical  certifications  required  of  suppliers 
with  specific  products  will  be  identified  by  the  QA  department. 

c.  Procedures  for  the  acceptance  of  the  product  will  be  determined 
by  the  "primary"  responsible  department  identified  in  4.2.1 
after  consultation  with  QA. 

d.  Maintenance  of  records  concerning  the  ability  of  suppliers  to 
meet  specified  requirements  will  be  completed  by  QA.  This  will 
include  initiation  of  corrective  action  when  necessary. 

4.2.5  Manufacturing  Control 

The  following  items  will  comprise  manufacturing  control  in  the  QA 
Program 

a.  Inspection  will  be  performed  on  all  incoming  material  used  in 
the  LTHD.  The  procedures  and  plans  for  inspection  will  be 
designed  and  directed  by  the  "primary"  responsible  department 
indicated  in  4.2.1,  as  thought  appropriate.  All  inspection 
plans,  processes,  and  procedures  developed  by  other  departments 
will  be  reviewed  by  QA  prior  to  use. 
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b.  Design  Engineering  will  specify  those  requirements  necessary  to 
perform  at  stated  capabilities.  Inspection  operations  will  then 
be  designated  throughout  the  fabrication,  assembly,  test,  and 
shipping  processes  to  ensure  compliance  as  thought  necessary  by 
QA.  Detailed  records  will  be  maintained  indicating  the  extent 
and  date  of  inspection,  sample  size,  accepted  and  rejected 
quantities,  and  inspector.  Such  records  may  include,  but  are 
not  limited  to,  process  sheets,  test  reports,  log  books,  and 
inspection  plans. 

c.  Unusual  difficulties,  questionable  conditions  and  nonconforming 
material  will  be  identified  and  segregated  from  other  material. 
During  development  and  manufacture  of  the  product.  Design 
Engineering  and  Quality  Assurance  will  evaluate  proper 
disposition  of  discrepant  material.  Use  of  nonconforming  or 
repaired  material  shall  require  Government  approval. 

d.  QA  will  develop  procedures  for  maintaining  quality  during 
handling,  storage,  and  delivery  all  material  provided  for  the 
LTHD.  This  will  include,  for  example,  such  activities  as 
verifying  materials  with  special  storage  requirements  are 
properly  stocked  and  shelf  life  items  are  properly  identified. 

e.  Laboratory  testing  shall  be  accomplished  by  Northern  Ordnance 
Division  of  FMC  Corporation  or  it's  supplier.  This  testing 
shall  have  written  laboratory  procedure  containing  information 
necessary  to  control  the  various  test  principles  and  quality  of 
the  end  item. 

4.2.6  Inspection  Equipment  Lists 

A  Quality  Assurance  Equipment  list  will  be  developed  and  maintained 
current  by  QA  with  appropriate  input  from  Design  Engineering.  This 
list  will  be  indexed  by  hardware  drawing  number  and  will  identify 
equipment  required  for  acceptance  inspection. 

4.2.7  Statistical  Process  Control 

Where  deemed  appropriate  and  useful  by  QA,  statistical  process 
control  data  will  be  collected  and  analyzed  by  QA  for  the  purpose 
of  determining  process  capability,  process  trend  analysis, 
producibility  information,  and  correlation  studies.  QA  will 
identify  characteristics  to  target  for  use  of  statistical  process 
control  and  document  statistical  procedures  and  methodology  when 
used. 

QA  will  coordinate  with  Advanced  Manufacturing  departments  to 
develop  and  monitor  process  trend  charts  where  deemed  appropriate 
for  the  demonstrator  system. 
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4.2.8 


Corrective  Action 

QA  will  have  primary  responsibility  for  corrective  action  for  all 
purchased  and  FMC  manufactured  material  and  services.  QA  will 
interface  with  other  departments  as  required  to  determine  exact 
causes  and  verify  timely  corrective  action  is  complete  and 
effective. 
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Section  5 

Product  Assurance  Testing 


5.1  A  separate  document  entitled  “Preliminary  155  MM  Lightweight 

Towed  Howitzer  Demonstrator  Product  Assurance  Test  Program  Plan" 
has  been  prepared.  See  FMC/NOD  Engineering  Specification  E-2690. 
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Section  6 

Coordinated  Government/Contractor  Actions 


n 
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Government  Inspection 

Government  inspection  at  subcontractor  or  vendor  facilities,  when 
identified  that  inspection  of  items  on  vendor  or  subcontractor 
premises  by  the  Government  is  required,  arrangements  will  be  made 
to  ascertain  this  with  the  vendor  or  subcontractor  by  initial 
identification  of  this  action  on  the  purchase  order. 


6.2  Government  Property 


Government  property  will  be  received,  inspected,  documented, 
maintained,  modified,  handled,  stored,  and  returned  to  the 
Government  in  accordance  with  FMC  Specification  E-899,  Quality  Work 
Instructions . 


I 

s 

B 


-  13  - 

I 

B 

B 


DESCRIPTION: 


PRODUCT  ASSURANCE  TEST  PLAN 


I 

1 

8 

I 

1 


I 

8 

I 

a 

a 

8 

i 

I 

I 

g 


/f.  I 


F/180 


STATUS:  The  Product  Assurance  Test  Plan  is  current  as  of  4  March 

1Q97  and  reflects  the  current  con-figuration.  A  review  of  th 
plan  prior  to  the  completion  of  Phase  II  and  during  testing  woul 
be  useful  to  incorporate  necessary  revisions. 

AUTHOR:  Floyd  Manson,  Dave  Flippo,  Ellen  Brady,  Deborah  Fellows 
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FOREWORD 


This  Product  Assurance  Test  Plan  was  prepared  for  the  Commander,  U.S. 
Army  Armament,  Munitions  and  Chemical  Command  in  compliance  with  the 
provisions  of  Contract  DAAAK21-86-C-0047  for  Phase  II  of  the 
Lightweight  Towed  Howitzer  Demonstrator.  This  plan  will  meet  the 
requirements  identified  in  paragraph  C.2.C.2.e  of  the  Scope  of  Work. 
It  should  also  be  noted,  that  this  plan  is  a  stand  alone  plan  which 
is  referrenced  in  Section  5  of  the  Quality  Assurance  Program  Plan 
required  by  the  Contract  Data  Requirements  List,  Sequence  number 
A023. 

It  is  intended  that  this  plan  provides  the  test  and  evaluation 
requirements  for  the  Lightweight  Towed  Howitzer  Demonstrator.  This 
plan  will  be  updated  upon  comments  and  funding  from  the  procuring 
activity  or  upon  the  identification  of  new  performance  requirements 
or  new  technology  advances. 

This  document  supercedes  all  previously  distributed  Product  Assurance 
Test  Program  Plans. 
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155  MM  LIGHTWEIGHT  TOWED  HOWITZER  DEMONSTRATOR 
PRODUCT  ASSURANCE  TEST  PROGRAM  PLAN 


PART  1 

INTRODUCTION 


1 . 0  SCOPE 


1.1  Purpose 

This  document  provides  the  general  plan  for  assuring  the 
compliance  of  the  Lightweight  Towed  Howitzer  Demonstrator 
(LTHD)  to  the  quality,  operational  and  reliability 
performance  requirements  of  the  155  MM  Lightweight  Towed 
Howitzer  Demonstrator  Contract,  DAAK21-86-C-0047 ,  and  the 
LTHD  Preliminery  Design  Specification,  E-2733. 

1.2  Applicability 

The  provisions  of  this  product  assurance  test  plan  are 
applicability  to  the  demonstration  model  of  the 
Lightweight  Towed  Howitzer  designed  and  developed  by  the 
Northern  Ordnance  Division  of  the  FMC  Corporation. 

1 . 3  Implementation 

This  product  assurance  test  plan  will  be  implemented  by 
FMC  Northern  Ordnance  LTHD  Program/Project  organization. 

A  project  test  engineer  and  a  project  QA  Engineer 
reporting  directly  to  the  program  manager,  will  be 
assigned  to  implement  the  entire  scope  of  this  plan. 
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2 . 0  REFERENCE  DOCUMENTS 

The  following  documents  of  reference  form  an  integral  part  of 
this  plan  to  the  extent  specified  herewithin. 

2.1  Military  Documents 

MIL-STD-1944  Polymor  Matrix  Composites 

2.2  LTHD  Program  Document 

E-2691  LTHD  Quality  Assurance  Program  Plan 

E-2853  155mm  LTHD  Test  Plan  dated  13  February  1987 

FMC/NOD  LTHD  Phase  II  RAM  Approach,  3  September, 

1986 

2 . 3  Contractor  Documents 

E-899C  Quality  Work  Instructions 

E-1099A  Quality  Assurance  Program 

2.4  Trade  Association  Documents 
ASTM  -  E  -  8-84 
ASTM  -  E  -94 
ASTM  -  E  -142 
ASTM  -  E  -  238 
ASTM  -  C  -393 
ASTM  -  D  -  695 

ASTM  -  D  -  790 

ASTM  -  D  -  792 

ASTM  -  E  -  793 


Pin-Type  Bearing  of  Metallic  Methods 


Compressive  Properties  of  Rigid 
Plastics 

Flexible  Properties  of  Unreinforced 
Forced  and  Reinforced  Plastics  and 
Electrical  Insulating  Materials 

Specific  Gravity  and  Density  of 
Plastics  by  Displacement 

Heats  of  Fusion  and  Crystallization 
by  Differential  Scanning  Colormetry 
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ASTM  -  D  -  897 

ASTM  -  D  -  1876 
ASTM  -  D  -  2563 

ASTM  -  D  -  2584 

ASTM  -  D  -  2734 
ASTM  -  D  -  3039 

ASTM  -  D  -  3171 

ASTM  -  D  -  3355 

ASTM  -  D  -  3410 

ASTM  -  D  -  3418 

ASTM  -  D  -  3518 

ASTM  -  D  -  3528 

ASTM  -  W  -  3532 

ASTM  -  D  -  4065 

Other  Documents 


Tensile  Properties  of  Adhesives 
Bonds 

Peel  Resistance  of  Adhesives 

Recommended  Practices  for 
Classifying  Visual  Defects  In 
Glass  -  Reinforced  Plastics 
Laminates  and  Parts 

Ignition  Loss  of  Cured  Reinforced 
Resins 

Void  Content  of  Reinforced  Plastics 

Tensile  Properties  of  Fiber-Resin 
Composites 

Fiber  Content  of  Rosin-Matrix 
Composites  by  Matrix  Digestion 

Test  Method  for  Fiber  Content  of 
unidirectional ,  Fiber  Composites  by 
Electrical  Resistivity 

Compressive  Properties  of 
Unidirectional  or  Crossply 
Fiber-Resin  Composites 

Transition  Temperatures  of  Polymers 
by  Thermal  Analysis 

Practice  For  In-Plane  Shear 
Stress-Strain  Response  of 
Unidirectional  Reinforced  Plastics 

Strength  Properties  of  Double  Lap 
Shear  Adhesive  Joints  by  Tension 
Loading 

Gel  Time  of  Carbon  Fiber-Epoxy 
Prereg 

Determining  and  Reporting  Dynamic 
Mechanical  Properties  of  Plastics 


Boeing  Material  Specification  8  -  256F 
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3 . 0  DEFINITIONS 

This  section  provides  -  standardized  interpretation  of  terms  and 
acronyms  used  within  this  document. 

3.1  Definition  of  Terms 

The  definition  of  terms  included  in  MIL-STD-1098, 
MIL-STD-721C,  and  other  reference  documents  listed  in 
Section  2.0  shall  apply. 

3.2  Definition  of  Acronyms 

AG  Assistant  Gunner 

ASTM  American  Society  for  Testing  and  Materials 

DSC  Differential  Scannings  Calorimetry 

IWP  Individual  Work  Packages 

LTHD  Lightweight  Towed  Howitzer  Demonstrator 

MM  Millimeter 

PSCS  Project  Status  and  Control  System 

PS I  Pounds  Per  Square  Inch 

QA  Quality  Assurance 

Work  Package  Budget  Planning  Sheet 


WPBPS 
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TEST  PROGRAM  CONTROL 


1.0  TEST  PLAN  MANAGEMENT 


The  LTHD  Test  Program  shall  be  managed  by  both  the  project 
quality  assurance  engineer  and  the  project  test  engineer.  Their 
dual  responsibilities  shall  include  the  tracking  of  task 
accomplishments  and  test  program  reviews. 

1.1  Tracking  Task  Accomplishments 


A  combination  of  the  Individual  Work  Package  (IWP) ,  Figure 

1.1  and  the  Work  Package  Budget  Planning  Sheet  (WPBPS) , 
Figure  1.2,  provide  effective  tools  for  tracking  task 
accomplishments  and  expenditures.  The  IWP  is  approved  by 
the  project  quality  assurance  manager.  The  work 
performance  sheets  are  approved  by  program  management. 

Area  managers  ensure  that  work  being  performed  correlates 
with  work  authorized. 

1.1.1  Individual  Work  Package.  The  IWP  will  provide 
a  detailed  breakdown  and  brief  description  of 
the  hierarchy  of  tasks  and  subtasks  to  be 
accomplished  during  the  program. 


i 

i 


1.1.2  Work  Package  Budget  Planning  Sheet.  The  work 
package  budget  planning  sheet  defines  internal 
milestones  (objective  indicators)  for  task  or 
subtask  efforts,  establishes  start  and  end  dates 
for  the  work  effort,  and  lays  out  the  monthly 
budget  for  accomplishing  the  task  or  subtask. 

Not  every  subtask  defined  in  the  IWP  will  have 
an  individual  budget  planning  sheet.  These 
forms  will  be  used  only  at  the  task  hierarchy 
level  deemed  necessary  for  accurate  budgetary 
control . 


H 

I 
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1.2.2  Test  Program  Status  Reporting.  Regular,  current 

and  disciplined  information  on  test  development  and 
accomplishment  progress  permits  management 
interaction  with  the  planned  activities  for  the 
next  period  and  enforces  a  management  chain  of 
accountability,  responsibility,  and  communications 
within  the  project.  A  progress  report,  in  FMC 
Northern  Ordnance  format,  will  be  delivered  to  the 
customer  on  a  scheduled  basis.  This  progress 
report  will  address  all  work  performed  during  the 
reporting  period,  any  problem  areas,  and  their 
solution.  Photographs  close-up  and  illustrations 
will  be  added  when  appropriate  to  enhance  the 
clarification  of  performed  work.  An  outline  of 
projected  work  that  will  be  completed  during  the 
next  reporting  period  will  also  be  addressed.  Last 
of  all,  a  section  of  the  Progress  Report  will  be 
used  to  address  the  overall  status  of  the  test 
program. 
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Individual  Work  Package 
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Figure  2.2 

Work  Package  Budget  Planning  Sheet 


■ 

I 

I 

I 

I 

I 

fl 

I 

I 

E 


PART  2,  LTHD  TEST  PROGRAM  PLAN 


E-2690 


2.0  TEST  PLANNING  AND  IMPLEMENTATION 

Verification  that  the  LTHD  conforms  to  system  requirements  will 
be  performed  at  several  different  levels  of  testing  within  the 
development  program.  Test  requirements,  Part  3,  of  this 
document,  defines  the  testing  approach  and  design/performance 
issues  to  be  addressed  by  analysis,  composites  testing, 
component/subsystem  testing,  and  integrated  system  testing.  A 
detailed  LTHD  Test  Plan  (E  -  2853)  has  been  provided  to  the 
customer  describing  the  step-by-step  conduct  of  the  testing 
effort.  No  later  than  30  days  after  each  test  event,  a  test 
report  will  be  completed  and  provided  the  customer  summarizing 
significant  test  findings. 

2.1  Low-Risk  Hardware  Items 

Low-risk  hardware  items  will  be  qualified  to  meet 
conformance  requirements  through  analytical 
examinations.  One  valid  form  of  analytical  verification 
is  the  comparison  of  the  item  in  question  with  similar 
existing  equipment,  which  has  either  passed  qualification 
tests  or  has  demonstrated  reliability  performance  in 
actual  usage.  Many  purchased  items  will  be  qualified  by 
the  manufacturer  prior  to  their  being  received  by  FMC 
Northern  Ordnance. 

Low-risk  is  defined  as  a  condition  where  risk  is 
identifiable  and  would  have  minor  effect  or  consequence 
on  program  objectives,  but  the  probability  of  occurrence 
is  sufficiently  low  as  to  cause  no  concern.  No  special 
program  emphasis  is  required  other  than  normal  design 
group  monitoring  and  control. 

2.2  Medium  and  High-Risk  Hardware  Items 

Medium  and  high-risk  hardware  items  will  be  tested  to 
verify  hydraulic,  functional,  and  performance 
requirements.  Hydrostatic  tests  are  intended  to  verify 
the  ability  of  items  to  withstand  the  effects  of 
operating  pressures.  Functional  test  will  begin  at  the 
assembly  of  moving  parts  and  continue  through  the 
subunit/subsystem  level. 
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Medium-risk  is  defined  as  a  condition  where  risk  is 
identifiable  and  its  occurrence  would  affect  program 
objectives,  cost,  or  schedule.  Probability  of  occurrence 
is  high  enough  to  require  close  control  of  all 
contributing  factors  and  establishment  of  risk  milestones 
and  an  acceptable  fallback  position.  This  level  of  risk 
would  be  handled  as  an  action. 

High  risk  is  a  condition  where  there  is  a  high 
probability  of  occurrence  and  the  consequence  would  have 
a  significant  impact  on  the  program.  This  condition 
could  be  acceptable  for  pure  research  or  technology 
demonstration. 

2.3  Composite  Material  Testing 

Composite  material  testing  will  be  conducted  by  the 

contractor  and/or  subcontractor  to  verify  the  integrity 
of  the  design  and  manufacture  of  composite  material. 

2.4  Integrated  System  Testing 

Integrated  system  testing  will  be  conducted  to  verify 
system  performance  capability  and  the  integrated 
compatibility  of  subsystems. 

2 . 5  Structural  Testing 

Structural  testing  of  major  components  such  as  the 
trails,  slide  and  rails,  and  gimbal  will  be  conducted  to 
verify  the  integrity  of  design  and  manufacturing. 

2 . 6  System  Testing 

System  testing  will  be  conducted  to  verify  performance 
capability  of  the  LTHD. 
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3.0  QUALITY  CONTROL 

The  Quality  Assurance  Program  Plan  (E  -  2691)  provides  the 
necessary  information  concerning  quality  functions  that  will  be 
in  effect  for  the  Lightweight  Towed  Howitzer  Demonstrator 
Program  at  Northern  Ordnance  Division  of  EMC  Corporation. 

3.1  Quality  Control  During  Phase  II 

Section  5.0  pf  the  of  the  Lightweight  Towed  Howitzer 
Demonstrator  Test  Plan  (E  -  2853)  dated  13  February  1987 
provides  the  quatilty  control  plan  which  will  be 
exercised  during  the  Phase  II  composite  testing. 
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1 . 0  GENERAL 

General  requirements  for  LTHD  testing  in  order  to  verify 
compliance  of  design,  conformance,  and  to  qualify  materials  are 
defined  and  described  in  this  part  of  the  LTHD  Product  Assurance 
Test  Program  Plan. 


1 . 1  General  Procedure 

Test  shall  be  conducted  as  per  the  detailed  requirements 
specified  in  the  continuing  section  of  this  document  and 
the  LTHD  Test  Plan  (E  -  2853)  dated  13  February  1987. 


1.1.1  Problem  Report.  Upon  failure  or 

non-verification  of  any  test  element,  a  Problem 
Report  shall  be  initiated  and  processed.  See 
Figure  3.1. 
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Figure  3.1 

Example,  Test  Problem  Report 
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2.0  COMPOSITE  MATERIAL  TESTING 

2 . 1  Low/High  Temperature/High  Humidity  Material  Testing  - 

Tests  1101,  1102,  and  1103 

2.1.1  Purpose.  The  purpose  of  this  testing  is  to 
verify  the  mechanical  properties  of 
graphite/ epoxy  composite  materials  under  extreme 
environmental  conditions;  hot,  wet  and  sub-zero. 

2.1.2  Test  Equipment/Apparatus.  The  following  test  ' 
equipment  and/or  apparatuses  shall  be  utilized. 

1.  Low  Temperature  Sub-Zero:  A  liquid  nitrogen 
chamber. 

2.  High  Temperature/High  Humidity:  A  constant 
temperature  water  bath  along  with  heat  lamps 
in  order  to  maintain  the  test  condition 
temperature  during  transfer  of  samples  from 
bath  to  testing  machines. 

3.  Tensile  Strength  Test  Machine. 

4.  Compressive  Strength  Test  Machine. 

5.  Shear  Strength  Test  Machine. 

2.1.3  Test  Samples.  Details  on  the  test  specimens 
for  the  tensile,  shear  and  compression  tests  are 
listed  in  paragraphs  2. 0.1. 2,  2. 0.2. 2  and 

2. 0.3. 2  of  the  LTHD  Test  Plan  dated  13  February 
1987. 

2.1.4  Test  Conditions.  Test  conditions  shall  be  as 
follows: 

1.  Low  Temperature.  The  tensile  strength  test 
samples  shall  be  cycled  down  to  a  temperature 
of  -65i+10F  throughout  (minimum  of  12  hours.) 

2.  High  Temperature/High  Humidity.  The  tensile 
compressive,  and  shear  test  samples  shall  be 
submerged  in  water  at  a  constant  temperature 
of  200J+10F. 
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2.1.5  Test  Procedure.  The  test  procedure  is  as  follows: 

1.  Low  Temperature.  With  the  specimen  set-up  in 
the  tensile  strength  test  machine  and 
contained  inside  the  cold  temperature 
chamber,  the  tensile,  shear  and  compression 
tests  shall  be  conducted  as  outlined  in  the 
test  plan. 

2.  High  Temperature/High  Humidity.  Using  heat 
lamps  to  maintain  test  condition  temperature, 
conduct  tensile,  compression,  and  shear  tests 
as  outlined  in  the  test  plan. 

2.1.6  Test  Report.  The  test  report  shall  denote 
actual  and  calculated  test  results  of  tensile 
strength,  compressive  strength,  shear  modulus, 
elastic  modulus,  and  poisson's  ratios.  These 
measurements  shall  be  in  the  axial  and 
transverse  fiber  directions.  Resulting  values 
shall  be  used  for  LTHD  design  allowables  and 
reliability  data  input. 

2.1.7  Test  Report  Distribution.  The  original  copy  of 
each  test  report  shall  be  maintained  by  project 
design  engineering.  A  copy  of  each  test  report 
shall  be  forwarded  to  the  customer  no  later  than 
30  days  after  test  completion.  Copies  will  also 
be  distributed  to  the  following: 

1.  Advanced  Technology  Engineering 

2.  LTHD  Project  Test  Engineering 

3.  LTHD  System  Engineering 

4.  LTHD  Project  RAM  Engineering 

5.  LTHD  Project  QA  Engineering 

2.2  Low/High  Temperature/High  Humidity  Adhesive  Test  (Double 
Lap  Shear  Strength  and  Flexural  Strength  Methods)  -  Test 
1110 

2.2.1  Purpose.  This  test  vertifies  the  shear 

strength  of  FM  300M  adhesive  when  applied  to  two 
different  substrates  when  it  is  subject  to 
extreme  environmental  conditions. 
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2.2.2  Test  Materials.  The  materials  to  be  tested  are 
as  follows: 

1.  FM  300M  with  W3X282-42-F593  graphite/epoxy 
composite. 

2.  HRH  10-1/8-6  honeycomb. 

2.2.3  Test  Equipment/Apparatus .  The  test  equipment 
shall  consist  of,  but  not  limited  to  the 
following: 

1.  Tensile  test  apparatus  with  compatible 
flexural  test  load  fittings. 

2.  Water  tank  large  enough  to  hold  specimen  and 
maintain  a  constant  water  temperature  of  200 
+10F. 

3.  A  liquid  nitrogen  chamber. 

2.2.4  Test  Conditions.  The  water  tank  shall  be 
filled  with  water  and  heated  to  a  constant 
temperature  of  200J+10F.  The  specimens  shall  be 
sumberged  in  the  200JF  water  for  12  hours.  The 
specimens  will  be  placed  into  the  liquid 
nitrogen  chamber  and  allowed  to  reach  -65  +10F 
throughtout  (12  hours). 

2.2.5  Test  Procedure.  See  paragraphs  2. 0.4. 4  and 

2. 0.4. 5  for  test  procedures  (Test  Plan  dated  13 
February  1987) . 

2.2.6  Test  Report.  The  test  report  shall  denote  the 
actual  results  of  the  adhesive  tests  of  each 
specimen.  Resulting  values  shall  be  used  for 
LTHD  design  allowables  and  reliability  data 
input . 

2.2.7  Test  Report  Distribution.  The  original  copy  of 
each  test  report  shall  be  maintained  by  project 
design  engineering.  Results  of  the  tests  will 
be  provided  to  the  customer  no  later  than  30 
days  after  test  completion.  Copies  will  also  be 
distributed  to  the  following: 

1.  Advanced  Technology  Engineering 
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2.  LTHD  Project  Test  Engineering 

3.  LTHD  Project  QA  Engineering 

4.  LTHD  Project  System  Engineering 

,  5.  LTHD  Project  RAM  Engineering 

2.3  Low/High  Temperature/High  Humidity  T-Peel  Adhesive  Test 
Test  -  llll 

2.3.1  Purpose.  This  test  covers  the  determination  of  the  peel 
resistance  of  FM  300M  adhesive  when  applied  to  a  steel 
substrate  and  then  subjected  to  extreme  environmental 
conditions.  The  adhesive  systems  tested  shall  be  the  same 
as  those  tested  in  the  previous  test,  subsection  2.2. 

2.3.2  Test  Equipment/Apparatus 

1.  T-Peel  Tensile  Test  Apparatus  per  ASTM-D-1876. 

2.  Liquid  nitrogen  chamber  and  a  constant  temperature 
water  bath  or  equivalent  capable  of  200  +10F  minimum. 

2.3.3  Samples  and  Procedure.  Twenty  specimens  will  be  tested. 
See  paragraphs  2. 0.5. 4  and  2. 0.5. 5  of  the  test  plan  dated 
13  February  1987. 

2.3.4  Test  Report.  Results  of  the  test  will  be  provided  to  the 
customer  no  later  than  30  days  after  test  completion. 

2 . 4  Trunnion  Lug  Test  -  Test  1120 

2.4.1.  Purpose.  The  purpose  of  this  testing  is  to  verify 

the  sizing  of  the  cradle  trunnion  lug  when  exposed 
to  simulated  firing  loads  (compression  test)  and 
simulated  towing  loads  (tensile  test) . 

2.4.2  Test  Equipment.  A  tensile  and  compression  test 
machine  with  fixtures  and  grips  capable  of  securing 
the  test  specimens. 

2.4.3  Test  Samples.  Two  tensile  and  two  compression 
specimens  will  be  tested.  The  specimens  will  match 
the  layup  of  the  current  trunnion  design. 

2.4.4  Test  Procedure.  The  test  procedures  for  the 
tensile  and  compression  tests  are  listed  in 
paragraphs  2. 0.6. 4  and  2. 0.6. 5  of  the  test  plan. 
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2.4.5  Test  Evaluation  and  Report.  A  comparison  of  the 

test  results  data  with  the  analytical  predictions 
shall  be  conducted.  Results  of  the  tests  will  be 
provided  to  the  customer  no  later  than  30  days  after 
test  completion.  Copies  will  also  be  distributed  to 
the  following: 

1.  Advanced  Technology  Engineering 

2.  LTHD  Project  Design  Engineering 

3.  LTHD  Project  QA  Engineering 

4.  LTHD  Project  RAM  Engineering 

5.  LTHD  Project  Test  Engineering 

Chemical  Resistance  Testing  -  Test  1130 

2.5.1  Purpose.  To  assess  the  effects  of  hydraulic  oil 
and  ethylene  glycol  solution  on  graphite/epoxy 
material  properties  of  laminates  used  in  the  LTHD. 

2.5.2  Test  Equipment.  Constant  temperature  hydraulic  oil 
and  ethylene  glycol  baths. 

2.5.3  Test  Samples.  Ten  tensile  specimens  and  ten 
adhesive  shear  specimens  will  be  tested. 

2.5.4  Test  Procedures.  Specimens  shall  be  immersed  in 
ethylene  glycol  50%  solution  at  200 IF  for  48  hours 
and  then  in  hydraulic  oil  per  MIL-F-17111  at 
200J+10F  for  48  hours.  Detailed  test  procedures  are 
listed  in  paragraph  2. 0.7.4  of  the  test  plan. 

2.5.5  Test  Evaluation  and  Report.  Test  results  shall  be 
compared  with  the  test  results  of  non-exposed 
samples  which  were  previously  tested.  Effects  on 
strength  and  modulus  shall  be  documented.  The 
effects  on  the  design  shall  be  determined  and 
documented . 

2.5.6  Test  Report  Distribution.  Results  of  the  tests 
will  be  provided  the  customer  no  later  than  30  days 
after  test  completion  of  the  test.  A  copy  of  the 
test  report  shall  be  distributed  to  the  following: 

1.  Advanced  Technology  Engineering 

2.  LTHD  Project  Test  Engineering 

3.  LTHD  Project  QA  Engineering 

4.  LTHD  Project  System  Engineering 

5.  LTHD  Project  RAM  Engineering 
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2.6  Titanium  Weld  Test  -  Test  1140 

2.6.1  Purpose.  To  verify  the  mechnical  properties  of 
Titanium  veld  joints.  Tensile  strength  tests, 
radiographic  inspections  and  macro-etching 
inspections  will  be  conducted. 

2.6.2  Test  Equipment.  The  test  equipment  shall  consist 
of,  but  not  be  limited  to  the  following: 

1.  Tensile  test  machine 

2.  A  biaxial  extensometer  which  is  compatible  with 
the  tensile  test  machine. 

3.  Etchants  as  required  for  macroscopic  examination 
of  the  veld  joints  in  accordance  with  ASTM  -  E 
-407-70. 

4.  X-ray  facility  capable  of  radiographic 
inspection. 

2.6.3  Test  Samples.  Ten  plate  specimens  will  be  tested. 

2.6.4  Test  Procedure.  Details  on  test  procedures  are 
listed  in  paragraphs  2. 1.1.4,  2. 1.1. 5,  and  2. 1.1. 6 
of  the  test  plan. 

2.6.5  Test  Evaluation.  Acceptance  criteria  is  as 
described  in  paragraph  2. 1.1.7  of  the  test  plan 
dated  13  February  1987. 

2.6.6  Test  Report  Distribution.  Results  of  the  tests 
will  be  provided  the  customer  no  later  than  30  days 
after  test  completion.  Copies  of  the  test  report 
will  be  distributed  as  indicated  in  paragraph  2.5.7 
above . 

2.7  Aluminum  Silicon  Carbide  Weld  Test  -  Test  1150 

2.7.1  Purpose.  To  verify  the  mechnical  properties  of 
Aluminum  Silicon  Carbide  weld  joints.  Tensile 
strength  tests,  radiographic  inspections  and 
macro-etching  inspections  will  be  conducted. 

2.7.2  Test  Equipment.  The  test  equipment  required  for 
these  tests  is  as  listed  in  paragraph  2.6.2  above. 
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2.7.3  Test  Samples.  Ten  plate  specimens  will  be  tested 
for  each  test.  Specimens  will  be  machined  from  a 
welded  panel  made  by  butt-welding  two  .125  inch 
plates  per  MIL-STD-1595. 

2.7.4  Test  Procedure.  Details  on  test  procedures  are 
listed  in  paragraphs  2. 1.2. 4,  2. 1.2. 5,  and  2. 1.2. 6 
of  the  test  plan. 

2.7.5  Test  Evaluation.  Acceptance  criteria  is  as 
described  in  paragraph  2. 1.2.7  of  the  test  plan 
dated  13  February  1987. 

2.7.6  Test  Report  Distribution.  Results  of  the  tests 
will  be  provided  the  customer  no  later  than  30  days 
after  test  completion.  Copies  of  the  test  report 
will  be  distributed  as  indicated  in  paragraph  2.5.7 
above . 

2.8  Vendor  Process  Qualification  Test  -  Test  1160 

2.8.1  Purpose.  To  verify  the  vendor's  processing  of 
W3X383-42-F593  composite  material. 

2.8.2  Test  Equipment.  The  test  equipment  shall  consist 
of,  but  not  be  limited  to  the  following: 

1.  Tensile  test  machine 

2.  A  load  indicator. 

3.  An  extenspmeter  that  is  compatible  with  the 
tensile  test  machine. 

2.8.3  Test  Samples.  Ten  plate  specimens  will  be  tested. 
Details  of  specimen  sizes  and  layup  are  outlined  in 
paragraph  3. 0.1. 2  of  the  test  plan. 

2.8.4  Test  Procedure.  Tensile  strength,  elastic  modulus 
and  Poisson"s  ratio  will  be  determined. 

2.8.5  Test  Evaluation.  A  statistical  analysis  will  be 
performed  on  the  test  results  to  establish  a 
standard  deviation  and  mean.  The  results  will  be 
accepted  if  there  is  a  99%  probability  of  falling 
within  one  standard  deviation  of  the  mean. 

2.8.6  Test  Report  Distribution.  Results  of  the  tests 
will  be  provided  the  customer  no  later  than  30  days 
after  test  completion.  Copies  of  the  test  report 
will  be  distributed  as  indicated  in  paragraph  2.5.7 
above . 
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3 . 0  COMPONENT  INSPECTION 

Component  inspection  shall  be  accomplished  by  the  Quality 
Assurance  Department  under  the  direction  of  the  LTHD  project  QA 
engineer  with  assistance  from  the  LTHD  project  test  engineer. 
Piece  parts  shall  be  inspected  upon  receipt  or  manufacture  for 
acceptance  per  drawing  specifications.  If  any  component  is 
found  to  be  out  of  drawing  tolerance,  it  will  be  documented  on  a 
problem  report  (see  Figure  3.1)  and  corrected  in  the  best  method 
to  ensure  a  reliable  component  at  the  next  level  of  assembly. 


4.0  INTEGRATED  SYSTEM  TESTING 

4.1  Subunit  Hydrostatic  Testing 

Subunit  hydrostatic  testing  shall  confirm  system  hydraulic 
component  integrity.  Testing  will  verify  that  component 
design,  manufacturing  process,  and  sublevel  assembly 
techniques  have  been  performed  per  system  requirements. 
Cause  for  rejection  shall  include:  wall/vessel  rupture, 
component  distortion,  significant  internal  leakage  above 
design  calculations,  or  any  exterior  leakage.  In 
addition,  any  unspecified  abnormality  experienced  during 
testing  as  determined  by  the  Test  Engineer  may  be  grounds 
for  rejection. 

Each  hydraulically  controlled  subunit  shall  be 
hydrostatically  tested  at  one  and  one  half  times  the 
nominal  operating  pressure  for  period  not  less  than  10 
minutes  per  hydraulic  cavity.  Those  cavities  normally 
pressurized  at  return  or  head  pressure  shall  be  tested  at 
50  PSI  +/-  5  PSI  for  not  less  than  10  minutes. 

The  following  assemblies  shall  be  subjected  to  hydrostatic 
testing: 

4.1.1  Gunner's  Manifold  Assembly 

4.1.2  Assistant  Gunner's  Manifold  Assembly 

4.1.3  Cannoneer's  Manifold  Assembly 

4.1.4  Traverse  Cylinder  Assembly 
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4.1.5  Front  Slid*  Manifold  Assembly 

4.1.6  Elevation  Cylinder  Assembly 

4.1.7  Recoil  Assembly 

4.1.8  Mid-Slide  Manifold  Assembly 

4.1.9  Equilibrator  Cylinder  Assembly 

4.1.10  Counter-Recoil  Cylinder  Assembly 


4.2  Subunit  Hydraulic  Functional  Testing 

Subunit  hydraulic  functional  testing  shall  confirm  system 
hydraulic  component  operation  prior  to  next  level  of 
assembly.  Testing  will  verify  component  design, 
manufacturing  process,  and  sublevel  assembly  techniques 
have  been  performed  per  system  requirements.  Cause  for 
rejection  shall  include,  internal  pistons,  valves,  or 
linkages  which  bind,  score,  or  actuate  erratically. 

Leakage  during  actuation  will  not  be  acceptable.  In 
addition,  any  unspecified  abnormality  in  operation  that  is 
encountered  during  testing  by  the  Test  Engineer  shall  be 
grounds  for  rejection. 

The  following  subunits  shall  be  subjected  to  hydraulic 
functional  testing: 

4.2.1  Elevation  Cylinder  Assembly 

4.2.2  Gunner's  Manifold  Assembly 

4.2.3  Assistant  Gunner's  Manifold  Assembly 

4.2.4  Cannoneer's  Manifold  Assembly 

4.2.5  Front  Slide  Manifold  Assembly 

4.2.6  Mid-Slide  Manifold  Assembly 

4.2.7  Counter  Recoil  Cylinder  Assembly 

4.2.8  Traverse  Cylinder  Assembly 

4.2.9  Equilibrator  Cylinder  Assembly 
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4.3  Recoil  Cylinder  Flow  Test 
To  be  determined. 

5.0  STRUCTURAL  TESTING 

5.1  Cradle  Trunnion  Structural  Joint  Test  -  Test  1201 

5.1.1  Purpose.  The  purpose  of  this  test  is  to  determine 
the  integrity  of  the  cradle  trunnion  joint  section 
during  imparted  simulated  firing  loads  of  up  to  one 
and  one-half  the  expected  calculated  maximum  impluse 
load.  The  actual  strength  of  the  composite  LTHD 
trunnion  joint  shall  be  measured. 

5.1.2  Test  Equipment/ Apparatus.  Test  equipment  shall 
consist  of,  but  not  limited  to,  the  following: 

1.  Simulated  cradle  trunnion  joint  mock-up. 

2.  Hydraulic  ram  cylinder. 

3.  Mock-up  interface  fixture  (plate  and  trunnion 
devices) . 

4.  5000  PSI  hydraulic  power  supply. 

5.  36  inch  drill  base. 

5.1.3  Test  Procedure.  The  sample  shall  be  loaded  through 
the  pivot  points  with  the  identical  bushings  and 
hardware  as  designed  for  the  LTHD.  Details  of  the 
procedures  to  be  followed  are  listed  in  paragraph 
4.0.5  of  the  test  plan. 

5.1.4  Test  Evaluation  and  Report.  Test  data  results 
shall  be  documented  and  compared  with  calculated 
joint  strength  data.  The  actual  test  data  and  the 
evaluation  results  shall  be  documented  in  a  written 
report.  A  use-as-is  determination  will  be 
considered.  Recommendations  to  improve  the  joint 
design  or  additional  testing  may  also  be  considered. 

5.1.5  Test  Report  Distribution.  The  original  copy  of 
each  test  report  shall  be  maintained  by  project 
design  engineering.  Results  of  the  test  will  be 
provided  to  the  customer  no  later  than  30  days  after 
test  completion.  Copies  of  the  test  report  shall  be 
distributed  to  the  following: 

1.  Advanced  Technology  Engineering 

2.  LTHD  Project  Test  Engineering 
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3.  LTHD  Project  QA  Engineering 

4.  LTHD  Project  System  Engineering 

5.  LTHD  project  RAM  Engineering 

5.2  Trails  Structure  Testing 
To  be  determined. 

5.3  Cradle  Structure  Testing 

To  be  determined. 

5.4  Gimbal  Structure  Testing 

To  be  determined. 

5.5  Platform  Structure  Testing 

To  be  determined. 


3-13 


■  -  *  • ' '  v 1  1  v- v 


/?.  i ' 


E-2690 


PART  3,  LTHD  TEST  PROGRAM  PLAN 


E-2690 


6 . 0  SYSTEMS  TESTING 

System  level  testing  shall  confirm  the  operational  performance 
of  LTHD.  Each  system  operational  component  shall  be  exercised 
to  verify  that  it  will  operate  per  design  requirements  and 
limits.  Preliminary  system  testing  will  be  performed  at  FMC/NOD 
prior  to  Demonstrator  Testing.  This  testing  will  be 
Non-destructive  in  nature  and  performed  to  verify  the  functional 
capabilities  of  LTHD.  Causes  for  rejection  may  include: 
Component  failure,  system  leakage,  operating  out  of  design 
limits,  failure  to  meet  operating  velocities,  personnel  or 
equipment  safety  hazard,  or  any  unspecified  abnormality  as 
determined  by  the  Test  Engineer  conducting  to  test. 

6.1  System  Alignment  Test 

6.1.1  Traverse  Positions. 

Verify  that  the  Howitzer  traverse  system  positions 
the  cradle  assembly.  Verify  and  record  the  maximum 
operating  limits  in  azimuth. 

6.2.2  Traverse  Plane. 


Verify  system  traverse  plane  with  the  howitzer 
leveled,  using  a  Gunner's  Quadrant.  Operate  the 
traverse  system  through  it's  operational  limits,  and 
record  readings  of  the  Gunner's  Quadrant  for  the 
specified  positions: 


CRAPM:  PQgITIPE 

0  DEGREES 
+5  DEGREES 
-*-10  DEGREES 
+15  DEGREES 
+20  DEGREES 
+25  DEGREES 
+27  DEGREES 
-27  DEGREES 
-25  DEGREES 
-20  DEGREES 
-15  DEGREES 
-10  DEGREES 
-  5  DEGREES 


QUADRANT  READING 

_ MIN. 

_ MIN. 

_ MIN. 

_ ;MIN. 

_ MIN. 

_ MIN. 

_ MIN. 

_ MIN. 

_ MIN. 

_ MIN. 

_ MIN. 

_ MIN. 

_ MIN. 


I 

i 
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6.1.3  Elevation  Position.  Verify  that  the  howitzer 
elevation  system  positions  the  slide  assembly. 
Verify  and  record  the  maximum  operating  limits  of 
the  elevation  system. 

6.1.4  Slew  In  Elevation  Travel.  Verify  elevation  slew 
at  the  specified  positions.  Using  a  plumb  line 
and  telescope  verify  and  record  the  slew  in 
elevation  travel  from  maximum  depression  to  no 
less  than  45°  elevation. 

AZIMUTH  POSITION 
0  DEGREES 
+10  DEGREES 
+25  DEGREES 
-25  DEGREES 
-10  DEGREES 


6.2  Cradle  Assembly  Operational  Test 

6.2.1  Load  Tray.  Verify  that  the  cradle  assembly  load 
tray  operates  smoothly  in  the  cradle  without 
binding  or  restriction. 

Verify  that  the  load  tray  properly  positions  in 
the  cradle  for  projectile  ramming. 

Verify  Projectile  seating  distances  for  various 
types  of  simulated  155MM  ammunition. 

Verify  load  tray  velocities  at  the  following 
elevations  for  projectile  loading.  Record  and 
compare  the  load  tray  velocities  with  those 
calculated. 


ELEVATION  POSITION  TRAY  VELOCITY 


Max.  Depression 

IPS 

0  Deg.  Elevation 

IPS 

15  Deg.  Elevation 

IPS 

45  Deg.  Elevation 

IPS 

60  Deg.  Elevation 

IPS 

72  Deg.  Elevation 

IPS 

SLEW  RATE 

_ MIN. 

_ MIN. 

_ MIN . 

_ MIN. 

_ MIN. 
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6.2.2  Primer  Autoloader.  Verify  the  operation  of  the 
primer  autoloader  is  functional.  Verify  that  all 
safety  aspects  of  the  primer  autoloader  are 
operational.  Perform  simulated  misfire  conditions 
and  verify  primer  extraction. 

6.2.3  Howitzer  Emplacement  Test.  Verify  that  the  LTHD 
Howitzer  can  be  emplaced  by  a  crew  of  four 
personnel.  Verify  that  all  mechanisms  are 
operational  at  the  completion  of  emplacement. 

Verify  that  this  procedure  can  be  accomplished  in 
four  minutes  or  less.  Document  any  and  all 
equipment  and  personnel  safety  considerations. 

6.2.4  Howitzer  Speed  Shifting  Test.  Verify  that  the  LTHD 
Howitzer  can  be  speed  shifted  by  a  crew  of  four 
personnel.  Verify  that  all  mechanisms  remain 
functional  for  shift  requirements.  Verify  that  this 
procedure  can  be  accomplished  in  four  minutes  or 
less.  Document  any  and  all  equipment  and  personnel 
safety  considerations. 

6.2.5  Howitzer  Displacement  Test.  Verify  that  the  LTHD 
Howitzer  can  be  displaced  by  a  crew  of  four 
personnel.  Verify  that  all  mechanisms  are 
functional  at  the  completion  of  displacement. 

Verify  that  this  procedure  can  be  accomplished  in 
four  minutes  or  less.  Document  any  and  all 
equipment  and  personnel  safety  considerations. 

6.2.6  Towing  Stability  Test  Verify  through  rough  terrain 
or  simulated  rough  terrain  environment  that  LTHD  can 
withstand  the  shock,  loading,  and  stress  without 
structural  or  component  damage.  Verify  that  all 
aspects  of  system  operation  are  functional  at  the 
completion  of  this  procedure. 

6.2.7  Load  Displacement  Test  Verify  load  displacing 
characteristics  of  LTHD  at  various  cannon 
positions.  Verify  load  displacement  with  the  cannon 
positioned  in  battery,  at  load  position,  and  out  of 
battery.  Record  and  determine  center  of  gravity  for 
all  positions. 
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6.3 


System  Proof  Firing  Test 

Verify  that  LTHD  can  withstand  the  structural  effects  of 
proof  firing  conditions.  Verify  that  all  system 
components  remain  operational  during  and  after  completion 
of  each  firing  exercise.  Instrument  and  record  all  data 
pertaining  to  pressures,  structural  deviations, 
recoil/counterrecoil  velocities,  muzzle  overpressures,  and 
load  displacements. 


